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ABSTRACT 
 
Socioeconomic Evaluation of Land use systems in deforested Areas, 
the Case of Singa locality, Sinnar State, Sudan 
 
The main objective of this study is to identify a socio- economically 
feasible and acceptable land use system (s) in the study area as part of a 
concerted effort to maintain the goal of sustainable development of 
land-based resources. Specific objectives are to: a) Identify the current 
systems adopted and the extent of their adoption and whether these 
systems indicate a change of land-use; b) Investigate perception of land 
users about causes and impacts (benefits/costs) of deforestation as well 
as their suggested solutions, the aim is to make use of indigenous 
knowledge in the decision making process, and whether these 
perceptions agree with those usually cited in literature; c) Estimate and 
compare the financial net returns of the different land-use alternatives to 
investigate the desirability from this point of view and as one indication 
of land–use system's sustainability and as a guide to policy intervention. 
Data was collected through a social survey using stratified sampling. 
The results of this study indicates that the area was subjected to a large 
scale deforestation and land use conversion to agricultural cropping 
(mainly Sorghum and Sesame) mostly between 1970s and 1980s, 
resulting in 76% of holdings being converted from forests & woodlands. 
About 81% of the currently managed lands by respondents are pure 
agricultural crops completely devoid of trees, mechanized rain-fed 
farming (MRF) was found to be the most farming system responsible 
for such deforestation compared to the traditional rain-fed farming 
(TRF) and irrigated schemes. Only 11% of respondents adopted a 
traditional agroforestry “crops with trees” system, which was found the 
highest ranking among other systems as regard to crop productivity and 
 xii
net returns to farmers. The results also indicate that many respondents 
are aware of the consequences of deforestation and have suggested 
solutions. Need for extension and incentives were indicated as essentials 
to manage their lands sustainably and reverse land degradation. The 
study arrived to important policy implications that will aid in deciding 
on measures for sustainable land use planning in the future. 
iiix 
 
 اﻟﺨﻼﺻﺔ
 ﺍﻟﺠﺩﻭﻯ ﺤﻴِﺙ ﻤﻥ ﺍﻷﺭِﺽ ﺇﺴﺘﺨﺩﺍِﻡ ﻨﻅﻡ ﺃﻓﻀﻠﻴﺔ  ﻫﻭ ﻤﻌﺭﻓﺔ ﺍﻟﺩﺭﺍﺴِﺔ ﻟﻬﺫﻩ ﺍﻟﺭﺌﻴﺴﻲ ﺍﻟﻬﺩﻑﹶ
 ﺍﻟﺘﻨﻤﻴﺔ ﻫﺩِﻑ ﻹﺒﻘﺎﺀ ﻤﺸﺘﺭﻙ ﺠﻬﺩ ِﻤﻥ ﻜﺠﺯﺀ ﺍﻟﺩﺭﺍﺴﺔﹶ ﻤﻨﻁﻘِﺔ ﻓﻲ ﻭﺍﻻﺠﺘﻤﺎﻋﻴﺔ ﺍﻻﻗﺘﺼﺎﺩﻴﺔ
 ﺎﻟﻴﺔﹸﺍﻟﺤ ﺍﻷﻨﻅﻤﺔﹸ  ُﻋﻠﻰ ﺍﻟﺘﻌﺭﻑ:ﻫﻲ ﺍﻟﻤﺤﺩﺩﺓ ﺍﻷﻫﺩﺍﻑ .ﺍﻷﺭِﺽ ﻋﻠﻰ ﺍﻟﻤﻌﺘﻤﺩﺓ ﻟﻠﻤﻭﺍﺭﺩ ﺍﻟﻤﺴﺘﺩﺍﻤﺔ
 ﻨﻤﻁ ﻓﻲ ﺘﻐﻴﻴﺭ  ﺇﻟﻰ ﻴﺸﻴﺭ  ِﺍﻟﺘﺒﻨﻲ ﻫﺫﺍ ﻜﺎﻥ ﺇﺫﺍ ﻤﺎ ﻭ ﺍﻷﺭﺽ ﻟﻬﺎ  ﻤﺴﺘﺨﺩﻤﻲ ﺘﺒﻨﻲ ﻭﻤﺩﻯ  ﺍﻟﻤﺘﺒﻨﺎﺓ
 /ﻤﻨﺎﻓﻊ) ﻭﺍﻟﺘﺄﺜﻴﺭﺍِﺕ  ﺍﻷﺴﺒﺎِﺏ ﺤﻭل ﺍﻷﺭِﺽ ﻤﺴﺘﺨﺩﻤﻲ ﺭﺅﻴﺔ ﻋﻠﻰ ﺍﻟﺘﻌﺭﻑ ﺍﻷﺭﺽ ﺃﻭ ﺇﺴﺘﺨﺩﺍﻡ
 ﻋﻠﻰ ﺼﻭلﺍﻟﺤ ﺒﻬﺩﻑ ﺍﻟﻤﻘﺘﺭﺤِﺔ، ﺤﻠﻭِﻟﻬﻡ ﺇﻟﻰ ﺒﺎﻹﻀﺎﻓﺔ ﺍﻷﺸﺠﺎﺭ ﺇﺯﺍﻟِﺔ ِﻤﻥ  ﺍﻟﻨﺎﺘﺠﺔ (ﺘﻜﺎﻟﻴﻑ
 ﺒﻴﻥ ﺍﻟﻤﺎﻟﻴﺔ ﺍﻟﻌﺎﺌﺩﺍﺕ ﻤﻘﺎﺭﻨﺔ ﻭ ﺘﺤﺩﻴﺩ ِﻭ ﺍﻟﻘﺭﺍﺭﺍِﺕ، ﺇﺘﺨﺎﺫ ﻋﻤﻠﻴﺔ ﻓﻲ  ِﺍﻷﺼﻭل ﺍﻟﻤﺤﻠﻴﺔ ﻤﻥ ﺍﻟﻤﻌﺭﻓﺔ
 ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻹﺠﺘﻤﺎﻋِﻲ ﺍﻟﻤﺴِﺢ ﺇﺴﺘﻌﻤﺎل ﺨﻼل ﻤﻥ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺠﻤﻊ  ﺘﻡ .ﺍﻷﺭﺽ ﺍﺴﺘﺨﺩﺍﻤﺎﺕ ﺒﺩﺍﺌل
 ﻨﻁﺎﻕ ﻋﻠﻰ ﺍﻷﺸﺠﺎﺭ ﺍﻟِﺔﺇﺯ ﺇﻟﻰ ُﺃﺨﻀﻌﺕﹾ ﺍﻟﻤﻨﻁﻘﺔﹶ ﺒﺄﻥ ﺘﹸﺸﻴﺭ ﺍﻟﺩﺭﺍﺴِﺔ ﻫﺫﻩ ﻨﹶﺘﺎِﺌﺞ .ﺍﻟﻁﺒﻘﻴﺔ ﺍﻟﻌﻴﻨﺔ
 ﺒﻴﻥ ﺍﻟﻐﺎﻟﺏ ﻓﻲ (ﻭﺴﻤﺴﻡ ﺭﺌﻴﺴﻲ ﺒﺸﻜل ﺫﺭﺓ)ﺍﻟﻤﺤﺎﺼل  ﺯﺭﺍﻋﺔ ﺇﻟﻰ ﺘﺤﻭﻴﻠﻬﺎ ﺒﻐﺭﺽ ﻭﺍﺴِﻊ
 ﺤﻭﺍﻟﻲ .ﺍﻟﻐﺎﺒﻲ ﺍﻟﻐﻁﺎﺀ ﻤﻥ ﺤﻭﻟﺕ ﺍﻟﺤﻴﺎﺯﺍﺕ ِﻤﻥ  67% ﺃﻥ ﻋﻨﻪ ﻨﺘﺞ ﻤﻤﺎ ﻭﺍﻟﺜﻤﺎﻨﻴﻨﺎِﺕ ﺍﻟﺴﺒﻌﻴﻨﺎِﺕ
ﺍﻷﺸﺠﺎِﺭ،  ِﻤﻥ ﻤﺠﺭﺩﺓ ﺒﻤﺤﺎﺼﻴل ﻤﺯﺭﻭﻋﺔ .ﺍﻟﻤﺴﺘﺠﻴﺒﻴﻥ ِﻗﺒل ِﻤﻥ ﺤﺎﻟﻴﺎﹰ ﺍﻟﻤﺩﺍﺭِﺓ ﺍﻷﺭﺍﻀﻲ  18%
 ﺍﻟﻤﺴﺘﺠﻴﺒﻴﻥ ِﻤﻥ  11 %ﻓﻘﻁ . ﺍﻷﺸﺠﺎﺭ ﺇﺯﺍﻟِﺔ ﻋﻥ ﺍﻟﺭﺌﻴﺴﻲ ﺍﻟﻤﺴﺌﻭل ﻫﻭ ﺍﻟﻤﻴﻜﻨﺔ ﻨﻅﺎﻡ ﺇﻥ ﻭﻭﺠﺩ
 ﺍﻷﺨﺭﻯ ﺍﻷﻨﻅﻤِﺔ ﺒﻴﻥ ﺍﻷﻋﻠﻰ  ﺍﻨﻪ ﻭِﺠﺩ ﺍﻟﺫﻱ ﻭ ، "ﺍﻷﺸﺠﺎِﺭ ﻤﻊ ﻤﺤﺎﺼﻴل" ﺍﻟﺘﻘﻠﻴﺩﻱ ﺍﻟﻨﻅﺎﻡ ﻴﺘﺒﻨﹼﻰ
 ﺒﺄﻥ ﺘﹸﺸﻴﺭ ﺃﻴﻀﺎﹰ ﺍﻟﻨﹶﺘﺎِﺌﺞ .ﻋﻴﻥﺍﻟﻤﺯﺍﺭ ﺇﻟﻰ ﺍﻟﺼﺎﻓﻴِﺔ ﻭﺍﻟﻌﺎﺌﺩﺍِﺕ ﺍﻟﻤﺤﺼﻭِل ﺇﻨﺘﺎﺝ ﺒﻤﻌﺩِل ﻴﺘﻌﻠﻕ ﻓﻴﻤﺎ
 ﻟﻺﺭﺸﺎﺩ ﺤﺎﺠﺔ ﻫﻨﺎﻙ .ﺍﻟﻤﺤﺘﻤﻠِﺔ ﻭﺍﻟﺤﻠﻭِل ﺍﻷﺸﺠﺎﺭ ﺇﺯﺍﻟِﺔ ﻟﻨﺘﺎﺌِﺞ ﻤﺩﺭﻜﻭﻥ ﺍﻟﻤﺴﺘﺠﻴﺒﻴﻥ ِﻤﻥ ﺍﻟﻌﺩﻴﺩ
  .ﺘﺩﻫﻭﺭﻫﺎ َﻋﻜﺱ ﻭ ﻟﻸﺭﺍﻀﻲ ﺍﻟﻤﺴﺘﺩﺍﻤﺔ ﻟﻺﺩﺍﺭﺓ ﻜﻀﺭﻭﺭﻴﺎﺕ ﺃﻴﻀﺎﹰ  ﻭﺍﻟﺤﻭﺍﻓِﺯ
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CHAPTER ONE 
INTRODUCTION 
 
 
1.1Background 
 
Deforestation is defined by Amelung and Diehl (1992) as the total 
removal of tree cover. Deforestation implies a long-term or permanent 
loss of forests and involves transformation (conversion) into a different 
pattern of land use, that might lead to a reduction in the crown cover to 
less than ten percent (although this is debatable) FAO, 1993a; FAO 
,2001). 
 
The trend of deforestation and land use conversion seems to continue 
world-wide at different rates. Deforestation has for the most part ceased 
in the industrial countries, many of which are now extending their forest 
estates. In a number of these countries forestry has shifted away from 
merely wood production and now management embraces a wide variety 
of goods and services including environmental conservation and agro-
tourism (Gadant, 1987; Hummel, 1991; Laverty, 1991;   Mercier, 1991;). 
 
The total world rate of deforestation is estimated to be about 3.8 million 
ha/year of open woodlands for the period 1976-1980, two thirds of 
which (2.3 million ha/yr) are in Africa. The estimated rate in 1991 has 
reached nearly 17 million ha/yr indicating a significant increase during 
the decade 1980-1990. In the Sudan deforestation rate amounted to 
481,700 ha for the period 1981-1990, and to 959,000 ha for the period 
1991-2000 (Maharaja, 1991; FAO, 1995; Gutbi, 1997; FAO, 2001). 
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Causes of deforestation, and the consequent degradation, has been 
debated by foresters, environmentalists, and economists alike (Palo, 
1994). Several types of economic activities are important causes of the 
depletion of forest resources such as agricultural clearance, Logging, 
Wood-fuel supply, Overgrazing/browsing, and fires. Shifting cultivation 
alone is believed to be probably responsible for 40%-60% of total 
deforestation .The share of shifting cultivation in deforestation appears 
to be rising over time (Lanly, 1982; Brunig, 1989; Mayers, 1994; Gutbi, 
1997). In the Sudan the main causes are tree cutting for wood-fuel which 
constitutes more than 70%of the total national energy consumption, and 
agricultural expansion, particularly in the absence of proper forest 
management planning and exploitation (Mustafa, 1993;HCENR, 2003). 
 
The direct consequences of deforestation on the lives of rural people are 
often profound, and may be summarized as follows: 
? Reduced supplies of fuel wood, food, and animal fodder. 
? Reduced soil infiltration, increased run-off and reduced water 
supplies over time. 
? Erosion, leaching, land degradation, desertification, and loss of 
agricultural productivity. 
? Siltation of rivers and logging of dams. 
? Increased dependence on food imports.     
 
The indirect consequences of deforestation, which are currently the 
primary concern of industrialized countries, relate to the global green 
house effect, loss of biodiversity and increased impoverishment of 
significant parts of the developing countries (Mahraj, 1991). 
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Researchers from the Centre for Global Change at the Massachusetts 
Institute of Technology (MIT) corroborate their hypothesis that 
deforestation has lead to declining productivity in west African countries 
since 1970 (Spore,1997). 
Poor natural resource management and allocation, land in particular, 
eventually leads to resource degradation. Therefore one of the important 
resolutions considering research priority areas in dry land management 
(IFS/IUFRO, 1996) was to study the impact of different land use policies 
since knowledge of success and failure under different circumstances 
could provide keys to the development of sound policies. A related 
priority area was to study the impact of different traditional systems of 
resource utilization on the biodiversity and productivity of the natural 
resources, and their relation to modern management systems that are 
socio-economically and ecologically viable. 
Before 1970, the allocation of land in the Sudan was practiced by native 
administration (tribal leaders) as tribal territory (Dar) for own tribe's 
grazing and subsistence farming. In the early 1970s the abolition of 
native administration took place and the Unregistered Land Act created 
which provided that from its date of commencement all land shall be the 
property of the government and be deemed to be registered as such 
(without legal status of prior users). As a result of investment 
encouragement laws, policies, and subsidies vast areas covered by 
natural forests or managed under rotational systems were converted into 
rain-fed mechanized agricultural schemes, such agricultural 
encroachment aggravated by fires and unplanned grazing pressure has 
resulted in serious resource degradation. The underlying assumption of 
intensive land allocation by Mechanized Rain fed Corporation (MRF) 
and Investment Promotion Corporation (IPC) for agricultural cropping 
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was the expected higher rates of returns compared to other land uses 
(Kadouf et al 1986; FAO, 1989; Zarroug, 1996; Mustafa, 1997; Sharawi, 
1997;Hamry et al,2000; Hassan, 2001). 
 
Many global experiences are suggested as a solution for consequences of 
deforestation, examples are: 
i. Improving densities of traditionally (farmers' friendly) scattered 
trees as parkland agroforestry in Nigeria, which is similar to 
scattered Heglig trees in the study area. 
ii. World wide experience of improved fallow in agricultural lands 
by leguminous trees and shrubs, which is similar to the Sudanese 
farmers' experience with Hashab before deterioration of gum 
Arabic trade. 
iii. Ghana experience of benefit-sharing between forest offices and 
local stakeholders through revised Taungya system. 
iv. The world (e.g. Costa Rican) experience of strengthening national 
capacity to finance public and private afforestation/reforestation 
through Environmental Services Payment Program.     
v. Farmers' field school (FFS) experience on nutrient management 
and soil improvement. 
 
The correction of both policy and market failures has been attempted by 
the development of several valuation methods including recent 
development in the method of cost benefit analysis and environmental 
impact assessment (Emerton, 1998). 
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1.2 Scope and aim of the study 
The general objective of this study is to determine the socio- 
economically feasible and acceptable land use system (s) in the study 
area as part of a concerted effort to maintain the goal of sustainable 
development of land-based resources. The study will address the 
problem of land resource degradation in the central clay plains of the 
Sudan, taking Singa locality (province) as a case study.  
This entails identifying the main factors causing changes in land-use 
patterns, and evaluating alternative current and potential systems of the 
alternatives. Land use systems to be evaluated are:   
a) Rain-fed mechanized crop cultivation,     
b) Pure stands of Acacia senegal,     
c) Agroforestry systems, managed in simultaneous or sequential 
arrangements   and, 
d) Other systems that might be preferred by land users. 
Specific objectives are to: 
1. Identify the current systems adopted and the extent of their 
adoption and whether these systems indicate a change of land-
use. 
2. Investigate perception of land users about causes and impacts 
(benefits/costs) of deforestation as well as their suggested 
solutions, the aim is to make use of indigenous knowledge in the 
decision making process, and whether these perceptions agree 
with those usually cited in literature. 
3. Estimate and compare the financial net returns of the different 
land-use alternatives to determine the desirability from these 
points of view and as one indication of system's sustainability 
and guide to policy intervention. 
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CHAPTER TWO 
LITERATURE REVIEW 
 
 
 
2.1 Land use and Sustainability 
All the issues of assessing (analyzing) land-use systems are pertaining to 
the potentials of sustainability in practicing such systems. The main 
problems facing the development of natural forests are attributed to 
deforestation and conversion to non-sustainable mechanized crop 
cultivation. 
 
To judge about the sustainability of a land-use system, we can pass 
through the relevant literature about the concepts of sustainability and 
compare it with our situation. Solow (1992) defines sustainability as 
making sure the next generation is as well-off as the current generation 
and ensuring that this continues for all time. Kolstad (2000) decided that 
the debate over sustainability has focused on two key aspects: 
? The degree to which natural capital can be viably replaced. 
? The obligation the present generation owes to future generation. 
 
The world commission on environment and development WCED (1987) 
defined sustainable development specially as  a process of change in 
which the exploitation of resources, the direction of investments, the 
orientation of technological development, and institutional change are in 
harmony and enhance both current and future potential to meet needs 
and aspirations.  
In 1991 FESLM Working Party gave more details for sustainable land 
management as the combination of technologies, policies and activities 
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aiming at integrating socioeconomic principles with environmental 
concerns so as to simultaneously:- 
? Maintain or enhance production (Productivity). 
? Reduce the production risk (Security). 
? Protect the potential of natural resources and prevent degradation 
of soil and water quality (Protection). 
? Be economically viable (viability). 
? And socially acceptable (Acceptability). 
(Snyth and Dumanski, 1993).  
Ljungman et al., (1999) reviewed that the specific objectives of forest 
sustainability from agenda 21 to include: 
? To preserve biodiversity; 
? To maintain economic productivity; 
? To take advantage of present economic opportunities; 
? To maintain future options; 
? To respect intergenerational equity; 
? To respond to social and cultural needs. 
They then mentioned more objectives from a conference on sustainable 
forest management (held at the University o California in 1997) include:  
? To satisfy the values of indigenous peoples and local 
communities; 
? To take into account aesthetics; 
? To avoid off-site consequences and the export of environmental 
problems. 
 
In addition to environmental rights, ethical restrains on behavior, fair 
land tenure practices plus other issues. FAO (1993b) defines sustainable 
land management as that which meet the needs of present, at the same 
time conserving resources for future generations. 
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Agriculture is sustainable if it is: - 
? Ecologically sound i.e. maintain the quality of natural resources 
and the viability of the entire agro ecosystem- from humans, 
crops, animals to soil organisms- is enhanced. 
? Economically viable; i.e. farmers produce enough for self- 
sufficiency and/or income, and gain sufficient returns to warrant 
the labour and costs involved. 
? Socially just; i.e. resources and powers are distributed in such a 
way that the basic needs of all members of society are met and 
their rights to land-use adequate capital, technical assistance and 
market opportunities are assured. 
? Humane, i.e. all forms of life (plant, animal and human) is 
respected. 
? Adaptive; i.e. rural communities are capable of adjusting to the 
constantly changing conditions for farming: population growth, 
policies, market demands … etc (Rjnntjes et al., 1993).  
Young and Burton (1992) summarized the following examples of 
unsustainable agricultural practices: desertification of rangeland in arid 
and semiarid areas, soil erosion in watershed and upland areas, water 
logging and Stalinization, depletion of tropical forest and biological 
diversity. 
Although there are many definitions 0f sustainable development 
(Pezzey,1989), most seem to contain two common elements: 
? a concern for a lasting improvement in the well-being of people; 
and 
? a concern for protecting and maintaining the capacity of the 
natural resource systems that provide the basis for such 
improvements. 
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2.2 main factors of sustainable land use management  
 
For the past two decades numerous studies have questioned the low 
stumpage prices (and market imperfection) in natural forests set by 
governments, particularly in developing countries (e-g  FAO, 1983; 
Rapetto and Gillis, 1988; Grut, Gray, and Egli, 1991; Godoy,1991; 
Sebstiao Kengen, 1997 Karsenty, 2002; FAO, 2002; Ljungman,1999). 
Ljungman et al., (1999) detailed that markets may fail to yield 
economically efficient investment in natural resource management when: 
?  There are non-market impacts from production that are not taken 
into account in private production and consumption decisions (i.e. 
externalities and public goods); 
?  Property rights are poorly defined or enforced and investment is 
discouraged while consumption is often higher than the optimal 
level (the common property problems); or 
?  There is imperfect competition and producers or consumers, 
acting out of self-interest, fail to arrive at levels of production that 
maximize welfare. 
They gave some examples of the major externalities of forests to 
include: carbon storage, Biodiversity and habitat, Forest recreation, 
Visual amenity, Water quality and quantity, Soil stability, Social and 
cultural significance; and existence values. They  mentioned policy 
failure (as a factor) that countries will continue to convert forest land to 
other uses where it is more profitable to do so. Forestry policy-markers 
are largely powerless to stop this. A more constructive approach may be 
to seek improvement in overall land use planning and compensation 
when such change occurs, to support improved forest management in 
remaining areas. 
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Elserafy (1992) explained that natural resources are certainly “wasting 
assets”, if they are renewable (for example, forests exploited for timber, 
fisheries or agricultural soil), are not renewed, thus causing receipts from 
their exploitation to give out in the future. Ignoring the elementary fact 
makes a mockery of what has been passing as economic analysis and 
policy prescription for economics based on natural resources (and in 
particular those based on minerals) in which no effort has been made to 
compensate for draining the national wealth by depleting these 
resources. 
Depletion of renewable natural resources can have serious indirect 
effects by reducing the sustainable flow needed for industrial inputs and 
ecosystem services. Similarly crop production at the expense of soil 
erosion can not be sustained. Only careful husbandry of environmental 
capabilities can ensure sustainable and potentially large flows of income 
in the future. (Elserafy and Lutz, 1992). Environmentalists and, 
increasingly, economic planners are concerned that development 
programmes may deplete certain vital natural resources. As a result short 
term economic progress could be followed by long-term economic 
decline that is the growth may not be sustainable (Peskin, 1992). It is 
quite possible that private economy acting optimally could bring itself to 
a point of extinction by exhausting even one of its vital natural resources 
(Page, 1977; Lind et al., 1982). 
 
Different literature sources reviewed the importance of tenure stability 
and human activities on sustainability. LEISA editorial (2003) claimed 
that without long-term security farmers find it difficult to invest in 
improvements that only produce returns over many years. Farmers must 
feel confident that they will be able to benefit from their efforts. Secure 
land rights provide them with the opportunity to accumulate wealth and 
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to ensure it is transferred between generations ,.. where the future is 
uncertain, people may make short-term, exploitive or destructive 
decisions about the use of natural resources. 
 
Hermsoilla, (1999) reviewed the importance of participatory approach in 
sustainability and that sustainable forest management will only be 
achieved when forest managers secure the participation of rural people, 
by integrating their activities that sustain their livelihood .Institutional 
management alone may hinder sustainable management of forest and 
natural resources. 
 
Most governments have failed to give adequate policy attention and 
funds to control the degradation (Chau and Dregne,1993) . 
(Liu et al., 2000) reported that frequent changes in forest land-use rights  
at a rate more rapid than the natural growth cycle of forest trees- affects 
farmers attitudes, diminishes confidence in property ownership and 
interest in forest management and results in the destruction of forest, 
they suggested that forestry projects undertaken in top-down system 
have been characterized by a lack of coordination among government 
agencies, low efficiency, financial “black holes”, the improper use of 
natural resources and low level of participation. 
 
Besides the local participation, the shadows of international cooperation 
on sustainable forest management and environmental protection exists , 
Ford (1998) declared that less international attention has been devoted to 
the implications of diminishing forest resources for local people who 
depend on forests for their livelihoods, although national governments in 
many countries have been developing programmes that address the twin 
concerns of poverty and environment. LEISA Editorial (2003) reported 
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that the global assessment of soil degradation (GLASOD) has estimated 
that nearly two billion hectares world wide or 22% of all cropland, 
pasture, forest and woodland have been degraded since 1945. FAO 
progress report (1995) claimed that human activity is destroying forests 
at an unappreciated rate, between 1981-1990 more than 50 million ha of 
tropical forests were cleared, mostly to make way for farmland and 
rangeland. FAO (1993) declared that since the lands (globally) are 
almost all in use, necessary further expansion of agriculture will come 
increasingly at the expense of pasture lands and forests, lands usually of 
marginal quality where the risk of production are higher and returns are 
lower.  
Stocking and Murnaghan (2000) categorized the factors affecting the 
land-users and degradation under the following:  
? Land tenure; 
?   Poverty   
? Pressure on land 
?  Labor availability 
?  Economic incentives  
? Appropriateness of technology 
?  Economic and financial returns 
?  Off-site versus on-site costs 
?  Power and social status. 
 
Spore (1990) stated that over centuries farmers in the tropics have 
survived through good years and bad years, in balance with the 
environment, but today population pressure on the lands precludes 
practices that enable the environment to recover from extensive cropping 
systems. As a result the forests are dying, the soil is disappearing. 
Young,(1990) states that sustainability refer to productivity combined 
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with conservation of the natural resources on which production depends 
and that maintenance of soil fertility forms a major component of 
sustainable land use. He concluded that appropriate agro-forestry 
systems (trees or shrubs in association with crops, pastures or livestock) 
control erosion, maintain soil organic matter and physical properties and 
promote efficient nutrient cycling. 
Evaluation of agricultural projects routinely include an opportunity cost 
for the alternative uses of arable land (e.g  Gittinger, 1982), but 
evaluation of tropical forest to convert them to new uses fail to consider 
the cost of what society foregoes. The use of a market land value to 
estimate the benefits of tropical forest is inadequate because it excludes 
the value of externalities (Godoy, 1991) .Economists have recently 
shown that developing countries fail to include the depletion of natural 
resources in their national accounts (El Serafy and Lutz,1989Repetto, 
1989). Whereas national accounts reflect the depreciation of 
manufactured assets, they fail to include the depletion of natural 
resources. As the work of Repetto (1989) shows, national accounts 
overestimate the amount of income, encourage consumption , discourage 
reinvestment in natural resources, and fail to alert policy makers of their 
dwindling stocks of wealth.        
 
2.3 Deforestation and land-use conversion in Sudan 
Pearce and Turner, (1990) declared that the major environmental 
obstacle to sustainable agriculture in Sudan is the fragile soil structure 
which is highly prone to loss in fertility if subjected to mono-cropping 
and mechanized agriculture. Eltohami (1999) concluded that mechanized 
agriculture cause environmental degradation, and in the un-demarcated 
mechanized areas, the problems are particularly serious as there is no 
control on their actions. Even in the demarcated areas, the leasing 
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conditions that demands environmental protection is ignored, and 
recommended crop rotations not followed. When the resource 
degradation becomes over-whelming the operators abandon the farms 
and move to other areas. 
 
Kadouf et al., (1986) argued that there has been generalized failure by 
MFC to ensure lease requirements of sound land utilization, such as 
rotation and shelterbelt requirement, they also reported that serious 
failures of coordination took place as between the regional authorities 
and the MFC, and that land identified as appropriate for mechanized 
farming has sometimes been poorly chosen both in terms of prior uses 
for mechanized farming. They concluded that most tractor farmers both 
authorized and un-authorized, have failed to establish a stable rotational 
agriculture. In order to maintain production levels, many have come to 
practice a mechanized shifting cultivation. Land-use patterns are being 
established which, at least in some areas, can not be maintained in the 
long-run and are causing land degradation which may take generations to 
reverse. 
 
Grainger, A. (1990) reported that clearance of woodlands to provide 
extra croplands and rangelands is an important cause of deforestation in 
dry lands. He reported agricultural expansion has resulted in the 
clearance of 88,000 ha/yr in Sudan and declared that it is clear 
mechanized farming; and that 50% of it become degraded, barren and 
abandoned after 3-4 years. 
 
Ministry of Energy and Mining (2001) reported that annual deforestation 
rate in Sudan forests to meet food, energy and other necessities by 
400,000 ha/yr  Hamry et al., (2002) reported that official areas of rain 
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fed agricultural cultivation in the investment map of Sinnar state 
2,500,000 fed for un-demarcated mechanized schemes, 1,742,000 fed for 
demarcated mechanized schemes, 500,000 for traditional crop cultivation 
(Bildat). Mustafa (1993) claimed that in the Sudan the expansion of the 
mechanized rain-fed sub-sector had been achieved at the expense of the 
enormous loss in the forest cover land. It is in fact that deforestation is an 
outcome of the non observance of the operating rules of the mechanized 
Rain-fed agricultural rather that their failure in their design of the 
agricultural policy.  
The expansion of mechanized agriculture in the Sudan has made a major 
contribution to self sufficiency in Sorghum and has also contributed 
modestly towards cash crop production, it can be argued that the price 
paid for this success has been the destruction of vast areas of savannah 
woodland and the exhaustion of soil over large areas Kadouf et al., 
(1986);Mustafa (1993); Ford (1998).                 
 Hassan (2001) para-stated this problem that the extensive clearance of 
trees for agricultural purposes has resulted in the depletion of forest 
cover in vast areas. 
Hamry et al (2002) concluded that agricultural cropping in rain areas of 
Sinnar state has expanded in an extent that did not leave a land for 
grazing, and that utilization of the currently abandoned MRF schemes 
for grazing is a temporary situation of scheme owners (due to poor 
productivity and poor pricing), if this situation improved, the animal 
herders will no longer find a grazing land, this may lead to serious future 
land resources conflicts between schemes owners and animal herders. 
 
Williamson (2003) stated that bush meat is also an important source of 
human benefit. The actual amount of bush meat being harvested is 
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difficult to quantify because the harvest is mostly informal and illegal, 
but it is clearly enormous.   
Abdel Nour (2000), reviewed the problem of land degradation in the 
Sudan. He claimed that wild life habitat have been subjected to 
deterioration as a result of expansion in MRF , together with overgrazing 
by domestic livestock, drought ,tree clearance and poaching. These huge 
environmental (social) costs versus private benefits will surely affect 
equity as well as environmental balance. 
 
Most of the costs (including the opportunity cost) of conservation, 
particularly in developing countries, are borne by forest-edge 
communities, while the benefits accrue mainly to global (or off-site) 
communities and future generations (Wells et al, 1992).  
 
Abusin and E.  (1986) argued that it has been the practice, and for a long 
time in the Sudan that the role of resource users is overlooked or 
underestimated. The result is the low performance of planned projects, 
deterioration of resources and failure to achieve targeted socio economic 
goals. Kadouf et al., (1986) reported that land-use patterns in the rain-fed 
agricultural areas have undergone a dramatic transformation over the last 
twenty years. and that mechanized cultivation has been expanded 
without adequate regards for either the interests of prior users or the 
long-term viability of the new land-use patterns established. They added 
(Government allocations of land have in many areas displaced traditional 
users in order to provide areas to land to entrepreneurs from outside the 
agricultural sector, action on concessionary terms which would mobilize 
their capital behind the expansion of commercial agriculture. This 
planned programme of land allocation for mechanized cultivation helped 
prompt an equally extensive unauthorized and uncontrolled expansion of 
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tractor cultivation. The use of  vast  tracts of government-owned land has 
been appropriated by commercial farming interests. 
 
Mustafa (1993) overviewed that the agricultural policies based on the 
mechanized rain-fed subsector were clearly manifested in the credit 
policy to this subsector, where over 80% of the Agricultural Bank of 
Sudan finance facilities were geared to this subsector. The cash credit 
advanced to the farmers of mechanized rain-fed schemes besides it’s 
huge volume was also characterized by being highly and directly 
subsidized. Mustafa continued: the profit seeking motives of the farmers 
in this area have led them to search all possibilities to acquire more land 
and most of them realized their dreams through illegal cleaning and 
clearing of land from it’s natural forest cover and start planting cash 
crops. 
 
It is clear that appropriate agricultural extension and research is lacking 
in the expanding rain-fed schemes, Elhassan (1995) studied sorghum 
productivity in mechanized rain-fed schemes and decided that extension 
activities are supposed to act as a link between farmers and researchers, 
the link is completely broken in the rain-fed lands to the extent that the 
research findings are still unknown to farmers. 
 
Based on surveys in eastern and central regions of Sudan, Ridgway 
(1993) concluded that: 
? There are uncertainties within the land laws that are needed to 
 support the coordinating agencies. In particular the laws of land 
 allocation, land tenure and usufructuary rights are clouded, this 
has resulted in increasing conflicts of interest in the land between the 
whole range of land users, and in the opportunities for illegal 
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encroachments into unallocated land, which is often under degraded 
forest cover. 
? There are many local constraints to effective implementation of land 
 use plans for forestry, among which are that: presently too little 
land is officially allocated to tree planting, local people are uncertain 
about their tenurial rights to land and therefore are hesitant to plant 
trees, large scale mechanized farms continue to encroach into forested 
areas that have not been allocated for farming, and the rules regarding 
percentage covers of trees requires extensive monitoring for 
compliance if they are applied inflexibly.     
 
2.4 Towards future sustainable resource  
The first step for sustainable resource management is preparation of 
clear and comprehensive land-use planning which aims according to 
FAO 1993a to make the best use of limited resources by: 
? Assessing present and future needs and systematically evaluating 
the land’s ability to supply them; 
? Identifying and resolving conflicts between competing uses, 
between the needs of individuals and those of the community, and 
between the needs of the present generations and those of future 
generations ; 
? Seeking sustainable options and choosing those that best meet 
identified needs; 
? Planning to bring about desired changes; 
? Learning from experience. 
It can be felt that the above steps justify some subsequent 
international conventions (Carbon Trading, Biodiversity 
Conservation,…….etc)          
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Carbon Trading: Because of the relatively high values associated with 
the carbon sequestration services of forests, the UN Convention on 
Climate Change (UNFCCC) attempts to create a market for non-market 
services, by allowing carbon emmitors to pay for carbon sequestration 
services in developing countries to offset their emmitions 
(Hermosilla,1999) . Based on various studies (Frank Hauser et al,1994) 
estimated the value of a tonne of carbon stored avoid damages that may 
be equivalent to some U.S$20. Transition from open forest that contains 
115 tonnes of carbon per ha to permanent agriculture (63 t.per ha), 
would release 50 t. of carbon(i.e. $1000)/ha. 
 
Costa Rica experience :in Costa Rica a special fuel tax (the eco tax) 
was passed on the consumption of any crude-oil derivatives as part of the 
new forest law for environmental services of forests, this has been in 
response to UN Conference on Environment and Development 
(UNCED), UNFCCC, it's Kyoto protocol and the emerging Clean 
Development Mechanism CDM. Environmental Services Certificates 
constitute another novel financing instrument , these certificates are 
issued for voluntary contributions by the private sector. The two sources 
of environmental services payment program supplied the national 
forestry finance fund of Costa Rica by US$ 63.2 million for the period 
1998-2002. (Adapted from Zuniga, 2003) .Deigo (2004) reviewed 
another Costa Rican experience of three partner organizations in 
Talamanca area known as Talamanca Initiative. He reported that a 
common core belief is that the key to conservation and sustainable 
development is the successful management by the local people, based on 
five core principles: 
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? No inherent contradiction exists between economic development 
and environmental conservation, if communities and nations are to 
thrive, development and conservation must take place together. 
? The best stewards of the tropical low lands are the Campesinos 
(small scale farmers)and Indian farmers who have dedicated  their 
lives to these lands. 
? All natural tropical areas that are not protected will be radically 
altered during our life time. We must work to protect these areas 
and preserve their biodiversity for future generations to enjoy. 
? The natural forest and other unique primary ecosystems are 
Talamanca’s most economically valuable asset in the long term. 
? A successful strategy to address these issues must successfully 
integrate environmental, social, economic and organizational 
needs.       
 
Revised Taungya: under support from FAO and World Bank, a 
consultation process deviced on equitable benefit sharing framework 
based on the contribution  of participants: farmers , the forestry 
commission, and forest adjacent community. Financial analysis showed 
an estimated IRR of 16.2 for modified Taungya, and IRR of 13.6 for 
smallholder forest plantation development.              
 Nigerian research experience on rain-fed multiple shelter belts indicated 
that crop yields could be achieved by using higher inputs of organic 
fertilizers in combination of either of the following:  
? better design of multiple shelter belts.  
? Planning farmers' friendly scattered trees of appropriate densities 
in the wide spaces between shelterbelts. 
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? Replacing shelterbelts by a system of scattered trees– Parkland 
Agroforestry traditionally used in the area- but with considerably 
improved densities.(Lambert Onyewotu et al, 2003) . 
?  Improvement of  agricultural productivity by proper practices 
helps in avoiding higher rates of deforestation .  
 
In Kenya the Farmers' Field Schools (FFS) on nutrient management and 
soil improvement include: Manure, Mineral fertilizers, Mulches, 
Terracing, Incorporation of crop residues into soil , Agroforestry , Green 
manuring , and Zero tillage (Devies Onduru et al, 2003) 
 
The concept of improved fallow (with planting leguminous trees and 
shrubs) has been practiced in many parts of the world. Different reports 
are available in the web sites and publications  e. g. of  LEISA and 
ICRAF. Some trees and shrubs can be planted or sown for improved 
fallows. The main benefits are :Provision of ground cover and fertility 
improvement through litter fall and Nitrogen fixation through root 
nodules. provision of fuelwood, food, and/or fodder Sesbania sesban (in 
Southern Zambia) sown directly at 1mx1m and left for 1-2 years enrich 
soil nutrients to the value of 1-2 bags of Urea per up to 300 Kg/ ha. 
(Mulofwa et al, 1994). Some woody legumes can add Ha of Nitrogen to 
the soil ( Rochelau et al , 1988). Mongi and Hauxley ( 1979) reported 
that soil nutrient added by natural forest trees of semi arid region in India 
in Kg/Ha/year  are  N (23) ,   P  (1.3) ,  K  (11)  ,  Ca  (3)  ,  and  Mg  
(0.7). It has been argued that the beneficial effects on site productivity of 
Acacia Senegal grown by farmers in Sudan for gum arabic,fuelwood and 
fodder help compensate for the damage to gum belt and neighbouring 
desert soil by mechanized agriculture and overcropping. This 
compensating benefit should therefore be taken into account in assessing 
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gum planting projects. (Barbier, 1989). The regrowth of trees and bushes 
on the abandoned farms (rain-fed schemes) during the fallow period 
enabled restoration of soil fertility and friability without the need for 
fertilizer or manure (A.G. Seif Eldin,1996).Many commentators suggests 
that Acacia Senegal acts as a `buffer ` against desertification as a north-
south creeping desert phenomenon, the removal of Hashab trees in a 
vicinity increases risks of wind erosion and is likely to lower water 
retention rates.(D. Pearce et al,1990). 
 
2.5  Evaluation, appraisal or assessment 
Economics can be defined as the study of how individuals and society 
choose to allocate scarce resources (factors of production) between 
alternative uses, in the pursuit of given objectives. Resources have the 
potential to produce goods and services that are valued by the society, of 
course when these resources are brought together in a production 
function. However, the use of resources for producing goods and 
services is subjected to evaluation. The term evaluation in it’s broad 
meaning reflects judgment about and examination of phenomena or 
experiences by using a suitable unit (Yardstick), the idea is to have 
feedback for the future planning. Oxford (1992 a) briefed that when 
dealing with evaluation four terms “or their variants” are commonly 
used:  Inputs, outputs, effects and impacts. Evaluation/ assessment/ 
Analysis are interchangeably used in almost all the relevant literature for 
testing Financial and/ or Economic Impacts and Effects.  
George & Shorey (1984) Argued that it is important to differentiate 
between commercial appraisal in the private sector, and cost benefit 
analysis, where the former considers only the monetary flows of costs 
(expenditures) and benefits (revenues), while the latter considers all 
(direct and indirect) costs and benefits to all members of the society, that 
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is why some economists refer to CBA as social Cost-Benefit Analysis. 
This was paraphrased by Price, 1989: that CBA is ambitions and all 
embracing, attempting to aggregate costs and benefits of many kinds, to 
all people in every generation. 
In practice it seem that assessment of converting forest lands to MRF or 
other intensive agricultural uses either neglected, or  poorly executed, 
that is the concepts of CBA not adopted (based on commercial 
appraisal); with important impacts inflicted upon local people's food 
security and biological diversity of natural resources being ignored.  
 
2.6  The concept of cost-benefit analysis (CBA) 
CBA is an economic methodology of evaluating the efficiency of a 
programme, project or policy (adapted from Broadman et al., 2001). 
A.R. Prest and Turvey (1965) declared that CBA can be applied also to 
proposed changes in laws and regulations, to new pricing schemes and 
alike. Most of the literature presents CBA as an effective tool for 
decision making, by facilitating for more effective allocation of scarce 
society’s resources among the various investment opportunities. FAO 
(1999/b) suggested that CBA can be carried out at different times during 
the project development process. In this respect two major types can be 
distinguished : Ex-ante CBA, and EX-post CBA.  
Ex- Ante CBA: Usually conducted before the project to be 
implemented, it provides future estimates for decision makers to allocate 
scarce resource for projects/ alternative choices. It deals with events 
which may (or may not) take place in the future.  
 
Ex- Post CBA: Usually conducted after completion of the project. 
Although all the costs are sunk, but it helps decision makers to judge the 
effectiveness of particular classes of projects and helps in improving 
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future ex-ante CAB’s, it deals with past events and rely mainly on 
available records (adapted from FAO ,1992/b; Broadman et al., 2001). 
The major steps in CBA were best detailed by Broadman et al., 
(2001) as follows: 
1- Specify the set of alternative projects. 
2- Decide whose benefits and costs count (Standing). 
3- Catalogue the impacts and select measurement 
indicators (units). 
4- Predict the impacts quantitatively over the life of 
the project. 
5- Monetize (attach monetary values to) all impacts. 
6- Discount benefits and costs to obtain present 
values. 
7- Compute the net present value (NPV) of each 
alternative. 
8- Perform sensitivity analysis. 
9- Make a recommendation based on the net present 
value and sensitivity analysis. 
 
These steps have been Pre-stated but reduced by FAO (1992/b) into four 
steps: 
1- Identifying and quantifying inputs and outputs.  
2- Valuing inputs and outputs. 
3- Conducting the analysis (answering the questions 
given the value information in the previous step). 
4- Dealing with uncertainty and sensitivity analysis. 
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George & Shorey (1984) concentrated on the following as salient points 
of CBA: 
1- The theory is based on the value judgment that welfare is 
increased if one person is made better-off and no one worse-off (i.e. no 
way of increasing one person’s surplus without reducing that of others) 
2-  The theory is concerned with the assessment of benefit and 
costs that would result from a policy change and as far as possible 
attempts to bring these benefits and costs within the scope of the 
measuring rod of money. 
3-  The compensation principles states that, if benefit exceeds 
costs, then it is possible for every one to be made better off following a 
policy change. The implication is that the policy should be adopted as 
long as benefits exceeds costs, even if compensation is not paid. 
 
According to Squire and V.D. Tak (1981) benefits are defined relative to 
their effect on the fundamental objectives; costs are defined to their 
opportunity cost, which is the benefit foregone by not using these 
resources in the best of the available investments that can not be 
undertaken if the resources are used in the project. 
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CHAPTER THREE 
METHODOLOGY 
 
3.1 Study area 
Sinnar state is located between latitudes 11  45 and 14  3 North, and 
longitudes 23  28 and 35  42 East. The state has borders with Gezira state 
in the north, Blue Nile state in the south, White Nile state in the west, 
Gedarif state and Sudanese – Ethiopian borders in the east. Singa 
province lies to the west of the Blue Nile River. 
The total area of the state is 40680 squire kilometers (9.7 million feddan) 
which constitutes 2.7 % of the country area; and is divided into three 
administrative areas (table 3.1). 
 
Table 3.1. Geographical division and areas of Sinnar State 
Province Area (sq. km)      %   
Singa 18,000        44 
Dinder 14,680        36 
Sinnar 8,000        20 
Total 40,680       100 
 Source: Hamry et al 2002 
Sinnar state was historically characterized by heterogeneity in land-use. 
The whole state area and Singa province in particular, was covered by 
natural forests of different tree species. Early inhabitants of the area has 
been using the land in different ways, cultivating subsistence crops in 
traditional small holdings (Bildat) during the rainy season, and utilizing 
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products of natural forests during the dry season (for income from 
firewood, charcoal, building poles, collection of gum/fruits/fibers and 
other non-wood forest products ….etc.) and benefiting as from game 
animals in terms of bush meat, purchase of live animals, game 
leather,…etc. mostly in an illegal way. According to official records the 
current land-use pattern, mainly area under rain-fed crop cultivation 
covers around 4,742,000 feddan.  
 
The land in the study area is generally flat except some scattered small 
mountains to the west, especially in Eldali and Elmazmum localities. 
Some seasonal water courses exist in the area. The soils in the area are 
predominantly dark heavy cracking montmorillonetic clay (Vertisol). 
 
The area is part of the Savannah, mostly in the low rain-fall Savannah 
sub-zone with annual precipitation of 300-600 mm/year, while the 
southern parts and some south western parts reach up to 800 mm or more 
annually (see appendix 1 table 10).  The rainy season normally starts in 
June and ends in October while the dry season is relatively long. 
Maximum temperature reaches >45 C˚ in the dry season (April and 
May), while the minimum temperature reaches < 10 C˚ in winter 
(December and January). 
The dominant tree species initially existing in the study area includes: 
Acacia mellifera (Kitir), Acacia seyal var. seyal (talih), Acacia senegal 
(hashab), Balanitis aegyptiaca (Heglig) and Acacia nubica (Laot). The 
original shrubs and grasses species in the area include: Pennesitum, 
Ipomea aristida, Hyperhenia, Blepharis. Spp., Andropogn gyanus, 
Cadaba farinosa and Cadaba fruiticosa. The last official animal sensus 
had been carried out in 1976 Table 3.2 gives details. 
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Table 3.2. Animal Wealth in Sinnar State (000,) 
Province Cattle. Sheep  Goats Camels 
Singa 1,220 1,044 674 117 
Dinder 640 544 340 184 
Sinnar 400 344 216 70 
Total 2,660 1,932 1,230 371 
Source: investment map project 
3.2 Data collection and analysis  
 
3.2.1 Sample design, selection and size 
Based on the objectives of the study, the main primary data covers the 
current and previous land-use patterns , it was collected through a socio 
economic survey using structural questionnaire and by face-to-face 
interviews. 
The sample frame was the population of Sinnar and Blue Nile States, from 
which we drew our sample. Multi-stage stratification was undertaken with 
the following strata: State, Province, Locality and village. 
 
This stratification was aimed to increase the precision of the sample 
results and to facilitate comparison between the different strata. Within 
each state, lists of provinces, localities and villages were prepared. 
Provinces and localities were selected adopting the principle of 
probability to size (PPS). This ensured that the number of provinces 
/localities (clusters in each stratum) selected was proportional to the total 
number of provinces/localities in each strata. The sampling fraction in 
each stratum was made equal to the sampling fraction for the population 
as a whole. The fraction of the sample provinces (localities) in the state 
(provinces) (selected /total number of provinces in the state) is the same 
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as the fraction of the provinces in the population (total number of 
provinces in the state/total number of provinces in the whole population).  
 
The secondary sampling units were the households whose heads (or 
other member) are engaged in land-related activity. Actual selection of 
household from the cluster was done systematically with a random start. 
Initially the survey team obtained lists of households (whose heads or 
other member is engaged in land-related activity) from local councils. 
Numbers were assigned to all households in the cluster. Total number of 
households in each list was divided into blocks of equal sizes, and from 
the first block one household was selected randomly while households in 
the subsequent blocks were chosen systematically. The procedure was 
iterated until the required number of households was obtained.  
 
Regarding the present study, data related to Singa province only was 
used. The sample size of this province was 171 households distributed as 
shown in table 3.3 below. 
 
3.2.2 Questionnaire 
The questionnaire was designed to collect the required information. 
Questions relates to social data, activities related to land, different land-
use and land management systems, perception of respondents on 
different land related aspects and cost and returns of such activities. Both 
closed and open-ended questions were used (appendix 1). 
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Table 3.3 
Sample distribution of respondents to village/town in each locality in Singa
province
Count
20 0 0 0 20
9 0 0 0 9
12 0 0 0 12
0 11 0 0 11
0 11 0 0 11
0 10 0 0 10
0 10 0 0 10
0 8 0 0 8
0 10 0 0 10
0 4 0 0 4
0 0 10 0 10
0 0 11 0 11
0 0 8 0 8
0 0 11 0 11
0 0 0 8 8
0 0 0 8 8
0 0 0 10 10
41 64 40 26 171
Almazmum
Almugawir
AbuUraif
Humrany
Alrammash
Alnawranya
UmHiraiza
TaibaAllahaween
Almasoodia
Singa
Kareema
WadElnaeil
Gaganyalahatta
Tangaru
GafratHamar
Eldaly
Alsahbaa
town/village
name
Total
Elmazmum Rifisinga Wadelneil Eldali
Localilty
Total
 
 
 
Open-ended questions were designed to obtain qualitative information in 
order to maximize information from respondent’s indigenous 
knowledge. Other primary data include:   
? Interviews with local leaders (farmers & animal herders) and 
office leaders in Sinnar state. 
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? Official Administrations of Rain-fed Agriculture, Range and 
Pasture, Provincial Wild-life protection office- Singa, Forests 
National Corporation. 
? Field observation. 
Secondary data was obtained from different sources including:  
? Formal statistics, reports and studies from relevant sources. 
? Literature and internet review.   
 
3.2.3 Difficulties and limitations of data 
Some of the problems faced during data collection may be surmised as 
follows: 
? Hard road conditions to reach most of the selected sites 
? In spite of clear letter from the University (supervisor) most of the 
respondents were found to be afraid of tax, fees and unknown use 
of their questionnaire answers, it took considerable time and 
dialogue to explain the letter in each village to make people trust 
in the questionnaire and it's end use. 
? Animal owners particularly were reluctant to give information 
(due to what is called jealous eyes), although the respondents’ 
names were deliberately not asked and not registered. A lot of 
time, effort and patience was required to finally convince them to 
react positively 
?  Some over-aged respondents who gave important and valuable 
answers were found to need a family member as a catalyst. 
? Some answers were ambiguous and not realistic particularly those 
related to income and volume and benefits of timber resulting 
from land clearance and those relating to game animals.  
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3.3 Analysis 
Descriptive and comparative analysis was used to fulfill objectives (1) 
and (2) of this study. Means separation statistics were used whenever 
comparison was required. For objective (3), financial cost benefit 
analysis was used. SPSS was the main computer program used.  
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
 
4.1  Socioeconomic characteristics of respondents 
Most of respondents in the study area (80%) are pure farmers (Figure 
4.1) of mean age 51 years (Figure 4.2). Land is inherited by 35% of 
respondents while 30% have cleared land to become their own      
(Figure 4 .3). 
Farmer
Farmer&merchant
other
government employee
farm worker
Main occupation of resondent
0
20
40
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80
100
Per
cen
t of
 res
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s
 
Figure 4.1 Main occupations of respondents in Singa locality 
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Figure 4.2 Age distribution of respondents 
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Figure 4.3 Land ownership in Singa Locality                 
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4.2 Current land use systems  
Agricultural land in Singa locality is used under three main farming 
systems: a) mechanized rain-fed schemes (MRF); b) traditional rain-fed 
(TRF= bildat); and irrigated schemes. Almost half of respondents (48%) 
are in the TRF system, while 32% of them are practicing MRF farming 
system and only 16% are in the irrigated sector (Figure 4.4).It is worth 
mentioning that TRF becomes almost a copy of MRF in techniques of 
mechanization but in a smaller and manageable area.  Within these 
farming systems, different land use systems are adopted. Table 4.1 
indicates that the bulk of farmers (69%) adopt pure agricultural crops as 
a land use system. About 12% adopt agro-pastoral system, which is 
characterized by cultivating crops and at the end of crop cycle animals 
are allowed to enter the land.  Around 11% of the respondents adopt 
what we termed (crops with trees) system where scattered trees (irregular 
in density and design) are allowed in the land and crops are cultivated in 
this land1. 
 
Figure 4.4 Farming systems in Singa Locality and percent of 
respondents associated with them 
                                                 
1 This is similar to a system called Parkland agroforestry in Nigeria. 
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About 6% adopt agrosilvopastoral system where crops are cultivated in 
lands with scattered trees allowed to remain and animals would enter the 
land after crop harvest. The rest of respondents (2.4%) cultivate only 
agricultural crops in the agricultural land but manage pure forests in a 
different piece of land. 
 
Statistical analysis indicate that there is association between farming 
systems and land use systems adopted (table 4.1). In irrigated farms, the 
bulk of farmers (87.5% of them) cultivate pure agricultural crops while 
only 12.5 % of them have included animal in the cycle . In TRF farms, 
81.5% of farmers cultivate only agricultural crops but 11% have kept 
trees in the farms. The rest cultivate agricultural crops and allow animals 
in the farm after harvest. In MRF farms 39% of farmers adopt crops only 
system, 25% adopt agro-pastoral system while 12.5% adopt 
agrosilvopastoral system. 
 
This indicates that TRF  and irrigated farms concentrate on agricultural 
crops only without any kind of integration with other resources, while in 
MRF farms lower percentage of farmers concentrate on crops only and 
more concentrate on agro-pastoral land use systems, compared to the 
other farming systems. This indicates that agroforestry practices are 
completely lacking in irrigated schemes i.e. the legal percentage 5% of 
shelterbelts/windbreaks are not implemented. On the other hand although 
the adoption of proper agroforestry is lacking in both MRF & TRF lands, 
the traditional adoption of some trees in what we termed as crop with 
trees & agrosilvopastoral systems, indicates a positive attitude towards 
integrated management.  
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Only 7.1 % of farmers engaged in MRF farming system are also engaged 
in producing forest products (mainly gum arabic) in a separate land. 
None of the farmers in TRF or irrigated agriculture are associated with 
forest production.  This indicates a vanishing gum arabic business 
probably due to deterioration of tree cover as a result of deforestation & 
change in tenure & land use features. According to Barrow (1996)  
{During the past two decades increases in human & animal populations 
have put heavy pressure on the old well established system of tenure, 
which has started to disrupt the gum arabic bush fallow system} (see 
table 4.1)  
 
Under (MFC) – policy of horizontal expansion, huge areas of un-
authorized mechanized (as well as authorized) schemes has been 
expanding very rapidly in natural forest lands which were managed 
traditionally for gum tapping, animal herding and rotational shifting 
cultivation within environmental carrying capacity; such expansion is 
targeting the access to new virgin lands, rather than trying to maintain 
soil productivity and to conserve or improve the degraded soils on older 
schemes. (MFC) used to demarcate large blocks of land with an area of 
(1000, 1500,or 2000 fed. ) each. Although the leases of MFC to farmers 
had some precautionary standard provisions (conditions), such as: proper 
land utilization, rotation and fallow, possession of the necessary 
agricultural machinery before the lease, only personal use, and later the 
establishment of tree windbreaks or shelter-belt; unfortunately neither 
the two parties of lease contract used to confine to such conditions, nor 
the MFC used to utilize it’s power to cancel the lease against such 
conditions.  
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Table 4.1 farming systems in Singa Locality and percent of respondents associated with them 
22 9 14 7 4 56
39.3% 16.1% 25.0% 12.5% 7.1% 100.0%
19.0% 50.0% 66.7% 70.0% 100.0% 33.1%
66 9 3 3 0 81
81.5% 11.1% 3.7% 3.7% .0% 100.0%
56.9% 50.0% 14.3% 30.0% .0% 47.9%
28 0 4 0 0 32
87.5% .0% 12.5% .0% .0% 100.0%
24.1% .0% 19.0% .0% .0% 18.9%
116 18 21 10 4 169
68.6% 10.7% 12.4% 5.9% 2.4% 100.0%
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Count
% within Farming system of
land under cultivation
% within main land use system
adopted by respodents
Count
% within Farming system of
land under cultivation
% within main land use system
adopted by respodents
Count
% within Farming system of
land under cultivation
% within main land use system
adopted by respodents
Count
% within Farming system of
land under cultivation
% within main land use system
adopted by respodents
part of mechanized
rainfed scheme
Bildat (outside schems)
Part of irrigated schem
Farming system
of land under
cultivation
Total
agricultural
crops only
Agricultural
crops with trees agropastural  Agrosilvopastoral
agric. crop only
+ forest only
main land use system adopted by respodents
Total
according to  Pearson's chi-Squire asympotic significance level is .000 meaning that there is an association between land use system adopted and farming systems
 
 
. 
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Within each land use system crops are managed in rotational (changing sites 
of crops every year or two) or non-rotational regulation. About 75% of 
respondents cultivate crops using rotational arrangements, where 68% of 
them are adopting pure agricultural crops and they are almost half of the 
respondents. This indicates that rotational crop arrangement is quite 
common in this area although mostly applied to pure agricultural crop 
systems & only in a way of changing sites of crops every year or two. 
  
Table 4.2 Crop regulation in Singa Locality and percent of respondents 
associated with them 
60.0% 14.8% 68.2% 51.4% 66.2% 66.2%
5.7% 1.4% 12.1% 9.2% 10.6% 10.6%
31.4% 7.7% 7.5% 5.6% 13.4% 13.4%
2.9% .7% 8.4% 6.3% 7.0% 7.0%
3.7% 2.8% 2.8% 2.8%
100.0% 24.6% 100.0% 75.4% 100.0% 100.0%
agricultural crops only
Agricultural crops with tree
agropastural
 Agrosilvopastoral
agric. crop only + forest on
main land use
system
adopted by
respodents
Total
% within
crops
regulation
% of
Total
% within
crops
regulation
% of
Total
% within
crops
regulation
% of
Total
non-rotational rotational
crops regulation in different systems
Total
chi squire test indicates significat association between crop regulation pattern and land use systems
 
4.3 Change in land use  
Figure 4.5 presents change in land use through time.  Respondents indicated 
the year at which they changed to current land use systems. Change in land 
use started in 1915 by few respondents, and shown a rise in number of 
farmers changing land use during the 1950’s. Most respondents have 
undertaken the change in the period between 1970’s and 1980’s. In general, 
a continuous significant change is taking place every 2-3 years up to the year 
of this study (2001). 
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Analysis of land use change due to adoption of different farming systems 
gives a different picture (Figure 4.6, 4.7 and 4.8). In irrigated farms, change 
to current use started during 1940. The big change occurred in 1953-1954 
where large percentage of such farmers (26%) has adopted the current 
system. This was encouraged by the large schemes initiated mainly by Abul 
Illa Company and other companies in the fifties. Change into irrigated farms 
continued through time but at a lower rate and then leveled down to the 1940 
level since 1982. It seems that this has stopped after 1996 due to stability of 
tenure & inconvenience of new-comers as a result of declining profitability. 
In rain-fed farms most of the change occurred in the 1964-1984 and became 
more regular up to 1999 where no more change has been observed mostly 
due to scarcity of new arable land & partly due to deteriorating productivity 
of existing schemes.   In TRF, change of land use to rain-fed agriculture is 
more or less regular through time where observable change occurs regularly 
at an average of 2- years interval. It is observed that intervals were larger in 
the earlier years than in the later years (Figure 4.8). 
 
 
 
Figure 4.5 Time trend of land use change in Singa locality as stated by 
respondents 
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Figure 4.6 Time trend of land use change in Singa locality as stated by 
respondents in irrigated farms. 
 
 
Figure 4.7 Time trend of land use change in Singa locality as stated by 
respondents in MRF farms 
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Figure 4.8 Time trend of land use change in Singa locality as stated by 
respondents in TRF farms 
 
More than 60% of respondents in Singa locality stated that before changing 
the land into the current use, it was covered by dense forest and 16% said it 
was covered by moderately stocked forest (Figure 4.9), while 14% started on 
land already cultivated by their ancestors or other pre-users, few respondents 
started on bare land. Although some differences are observed among 
different farming systems as to the extent of destruction (Figure 4.10), 
association between degree of destruction and farming systems tested by χ2 
(chi squire) statistics, was not significant (appendix 1 table 1). This means 
that we cannot say that in Singa locality any of the farming system was more 
destructive to forests than others, based only on number of farms engaged in 
such systems.  
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Figure 4.9 Percent of respondents indicating land condition before 
conversion to current use 
 
 
 
Figure 4.10 Percent of respondents indicating land condition before 
conversion to current use within farming systems 
 
Combination of data on number of farmers associated with deforestation in 
each farming system with mean areas cleared of forests resulted in an 
intuitive result of the relative impact of changing to the current land use. 
Table 4.3 indicates that MRF is relatively the most system responsible for 
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deforestation. This result is supported by many studies, for example, Abdel 
Nour (2002); Mustafa (1993); Kaouf et al (1986); Ridgeway (1983), (see 
chapter two). This is followed by TRF. Irrigated farms are, by far, the 
apparently least destructive because of the small total areas cleared and the 
small number of farmers engaged, in addition to clear adoption of fallow 
rotation. 
Table 4.3 Mean and total deforested areas by respondents in different 
farming systems in Singa     locality (feddan) 
 
Irrigated system TRF (Bildat) MRF 
N Mean 
area 
Total 
area 
N Mean 
area 
Total 
area 
N Mean 
area 
Total 
area 
14 13.26 186 52 57.7 3000 42 975 40950 
 
Note: N is number of respondents who undertook deforestation 
 
These results reveal that the current farming systems indicate a practice of 
deforestation and land use conversion from natural forests. The severity of 
deforestation and agricultural encroachment can be visualized if we link 
these results with official estimations (Hamry et al 2002) which declare that 
in rain fed lands in Sinner state there are 1,742,000  feddans under planned 
mechanized rain-fed farms, 2,500,000  feddans under un-planned rain-fed  
schemes and  500,000  feddans  under TRF. This means that almost all 
possible arable lands became under use. The attached map (appendix)   gives 
more detail. In addition, our results indicate that intensity of deforestation 
and land use conversion is more adverse in Elmazmume district regarding 
MRF schemes; and more adverse in Wadalnayal district regarding TRF ; 
while confined to Singa district regarding irrigated schemes. 
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Most respondents indicated that the purpose of deforesting land is the need 
for cultivation of sorghum and sesame (58%) and it is observed that 
sorghum is the reason for  most respondents whether by itself or in 
combination with cash crops such as millet and sesame.  Performing χ2 test 
indicated that there is significant association between farming systems and 
purpose of deforestation (appendix 1table 3).  
 
Table 4.4 indicates differences within farming systems. Most farmers in 
TRF  (68%) and MRF farms (58%) required to cultivate sorghum and 
sesame in place of forestland. Sorghum represents the main stable food in 
central Sudan while sesame is an important cash crop. In irrigated system, 
the purpose of land change was cultivation of sorghum and cotton. Cotton is 
an irrigated cash crop and is introduced by the schemes' authorities for 
export while sorghum is food crop as was mentioned before .However, 
deforestation for both food and exportable crops reflect market failure in 
pricing resources under which over consumption & excessive depreciation 
of environmental assets is considered by Miranda & Muzondo (1991) to be 
more likely to occur. The expansion in the production of export crops 
according to Goodman, 1985 to be achieved through the opening & 
clearance of new forest land.   
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Table 4.4 Percent of respondents indicating their purpose for 
deforesting land in Singa Locality within different farming systems 
31.3% 8.6% 12.5% 14.2%
5.9% 4.1% 4.1% 14.2%
1.2% .6%
.6% .6%
65.6% 12.4%
12.4% 12.4%
8.6% 4.1%
4.1% 4.1%
67.9% 58.9% 52.1%
32.5% 19.5% 52.1%
3.6% 1.2%
1.2% 1.2%
3.1% .6%
.6% .6%
12.3% 21.4% 13.0%
5.9% 7.1% 13.0%
1.2% 3.6% 1.8%
.6% 1.2% 1.8%
100.0% 100.0% 100.0% 100.0%
18.9% 47.9% 33.1% 100.0%
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
% within Farming system
of land under cultivation
% of Total
dura cultivation
vegetables cultivation
cotton&dura
cultivation
dura+dukhun
cultivation
dura+ seseme
cultivation
not mentioned
dura
+cotton+groundnut
cultivation
dura+sesame+dukhun
dura+sesamae+hasha
b
purpose
of
changing
land use
(deforesta
ion) in
different
farming
systems
Total
Part of
irrigated
schem
Bildat
(outside
schems)
part of
mechanized
rainfed
scheme
Farming system of land under cultivation
Total
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Figure 4.11 Percent of respondents indicating purpose of land use 
change to current use 
4.4 Impact of change in land use on biodiversity 
The area was blessed with a wide range of natural biological diversity. The 
change in land use was accompanied by disappearance of tree, grass and 
animal species from the area. Disappearance of favorable natural grasses 
started in 1940, although most respondents have related grass disappearance 
to the period 1970-1990 (Figure 4.12).  
 
 
Figure 4.12 Time trend of change in favorable grass in Singa locality as 
stated by respondents.  
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This largely corresponds to peak changes in land use in rain-fed areas both 
MRF and TRF. Mostly mentioned grass types are: group 1 includes 
dambalab only (20%); group 2  dumbalab, anees and anzora (mentioned by 
14% of respondents); group 3 nal, dambalab and anees (13%), group 4 nal 
and boos (10%) (Appendix 1 Table 4). These grasses (in presence of trees) 
are known as valuable fodder vegetation and as natural indicators for site 
(soil) fertility.  
Change in land use has also encouraged the appearance of some other grass 
species which where not known  before the change. About 67% of the 
respondents has mentioned the following species either in combination or 
singly: abu areada, abu muruwa , buda , agaizgalasan, sieda, and buiyade 
appendix 1 Table 5). These grasses are known to be negatively affecting 
vigor and productivity of crops & make weeding more costive (Hamry et al 
2000 and personal contacts with local leaders and offices) . 
 
According to respondents, Singa locality was rich of forest cover. Before 
land use change dense forest of Heglig, Hashab, Talih and Sunt trees were 
present Kitir & Laot were not mentioned by respondents because they were 
dominating in all sites  (Figure 4.13). appendix 1 Table 6 gives more detail 
on answers of respondents.  
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Figure 4.13 percent of respondents indicating disappeared tree species 
because of land use change 
 
Respondents through description of game animals, which were dominant 
before the land use change, and appearance or increase of new species 
indicate impact of land use change on animal presence. Figure 4.14 shows 
that in the category of carnivorous animal species, most respondents (95%) 
mentioned hyenas and wild cats, while in the category of herbivorous animal 
species gazelles and rodents (mostly rabbits, squirrel, rats )were mentioned 
by 91% of respondents. The increased percentage of the two mentioned 
categories reflects their appearance for the late as well as for the early land 
users (i.e. increasers). In addition, 17 bird species were mentioned to be 
seriously endangered. 
The agricultural expansion in all land management systems rely mainly on 
sites of good natural forest resources with clear market imperfections for 
both wood and non-wood forest products (appendix 3 table1 reflects the 
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species affected). It can be visualized from the results that many flora and 
fauna are threatened, extinct or endangered. The national criteria and 
indicators of biodiversity in forest land (FNC 2003) validate the number of 
species as indicators of such change. 
 
Figure 4.14 Percent of respondents indicating types of carnivorous game 
animals dominant before land use change 
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Figure 4.15 Percent of respondents indicating types of herbivorous 
game animals dominant before land use change 
 
4.5 Perception of land users on deforestation 
Almost all respondents (98%) consider deforestation as beneficial. The fact 
that almost all respondents perceive that deforestation as beneficial reflects 
their need for forested lands for future cultivation, it is also a good indicator 
for awareness regarding the protective role of trees in conserving land 
fertility within their local agro-ecosystems, such indicator is important for 
adopting positive future programs /projects for reversing the degradation. 
 
Benefits mainly stated to be provision of space for cultivation and firewood 
(91% of respondents as cumulative percent), other benefits such as building 
material and charcoal are also mentioned (table 4.5). comparison between 
farming systems indicate that space for cultivation is the most important 
reason in rain-fed farms, both in MRF (84.4% of such farms), and in TRF 
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(86.5% of such farms) systems, while in irrigated schemes firewood 
production seems to be more important (73% of irrigated farms) 
 
Table 4.5 Percent of respondents indicating main benefit(s) or (reason 
for) deforestation in different farming systems 
 
% within Farming system of land under cultivation
9.4% 7.7% 46.7% 14.1%
59.4% 59.6% 6.7% 51.5%
1.9% 1.0%
6.3% 2.0%
25.0% 25.0% 26.7% 25.3%
3.8% 6.7% 3.0%
13.3% 2.0%
1.9% 1.0%
100.0% 100.0% 100.0% 100%
firewood
space for
cultivation
avoiding birds
firewood and
charcoal
firewood and
cultivable land
firewood&buildin
g material
firewood
&avoiding birds
firewood,charcoal
&cultivableland
main benefit of (reasons for) deforestaion
Total
part of mechanized
rainfed scheme Bildat (outside schems) Part of irrigated schem
Farming system of land under cultivation
Total
Chi square test indicated significant association between farming system and reason for deforestaion
 
Benefits obtained in terms of forest products are presented in table 4.5. 
While 35% of respondents have actually made use of the cut trees, 33% have 
burnt them, which indicate that for this portion of farmers cultivation land 
was really the only reason for deforestation. Of those who made use of cut 
trees, 91% have produced fuel wood (charcoal and firewood). 
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Table 4.6  Percent of respondents indicating main forest products 
obtained from deforestation. 
34 19.9 55.7 55.7
13 7.6 21.3 77.0
9 5.3 14.8 91.8
3 1.8 4.9 96.7
2 1.2 3.3 100.0
61 35.7 100.0
57 33.3
35 20.5
18 10.5
110 64.3
171 100.0
charcoal
firewood+charcoal
fire wood
other
char coal+other
Total
Valid
burning wood without
production )
irrelevant (not mentioned)
no tree crop
Total
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
 
 
Table 4.6 indicates that at least 33.3% of respondents used complete –
destructive- burning in clear felling their lands for cropping. The shadows of 
human needs stand behind resource degradation in other results also; as an 
example the advantages of land conversion into crops only (see section 4.5). 
important causes behind deforestation and land use conversion centre around  
income generation or income support, access to agricultural land and  self- 
sufficiency of food (cereals + fuel wood). Although the collection of game 
animals and game animal parts were important income-generation activities 
(according to informal discussions with respondents) only few of them 
mentioned bush meat as foregone resource, this is normally difficult to 
quantify or even mention, because it is mostly done informally and illegally. 
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Despite the benefits received from deforestation, 46% of the respondents 
seemed to perceive that deforestation resulted in negative consequences.  
 
In cumulative terms, over 89% mentioned environmental problems (detailed 
opinions in this respect include : declining and erratic rainfall , drought and 
desertification, floods, erosion and loss of soil surface, and declining of land 
productivity (what so called locally cold lands), 61% has mentioned scarcity 
of forest products, 19% has mentioned scarcity of fodder as the main 
problems. Legal problems faced with FNC authority was considered because 
of tree cutting by 7% (table 4.7).           
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Table 4.7  Percent of respondents indicating main problems resulting 
from deforestation 
30 17.5 37.5 37.5
22 12.9 27.5 65.0
11 6.4 13.8 78.8
4 2.3 5.0 83.8
4 2.3 5.0 88.8
4 2.3 5.0 93.8
3 1.8 3.8 97.5
1 .6 1.3 98.8
1 .6 1.3 100.0
80 46.8 100.0
89 52.0
2 1.2
91 53.2
171 100.0
environmental
problems+scarce forest
products
environmental problems
environmental
problems+scarce products+
scarce fodder
scares forest products
legal penality by the forest law
environmental problems+
scarce fodder
environmental
problems+scarce products+
scarce bush meat
environment problems+legal
penality by the forest law
scares forest products+legal
penality
Total
Valid
irrelevant (no problems
mentioned)
System
Total
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
 
Respondents who raised problems had also given solutions to these 
problems as they  perceive them. Mostly suggested solution was planting 
new forests (79%), protecting existing ones (47%), and provision of 
extension services (38%) (Table 4.8). 
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Table 4.8  Percent of respondents indicating solutions for problems 
resulting from deforestation 
14 8.2 28.6 28.6
13 7.6 26.5 55.1
7 4.1 14.3 69.4
6 3.5 12.2 81.6
6 3.5 12.2 93.9
3 1.8 6.1 100.0
49 28.7 100.0
122 71.3
171 100.0
 new plantations+protecting
existing forests
 new plantations
 extension
new plantations+ extension
activating
plantations+protecting
existing for.+for. exten.
protect existing forests
Total
Valid
irrelevant (no opinion
mentioned)
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
 
 
From these tables the ranking of systems according to absolute supporting 
ensures that agroforestry systems are accepted more than other systems. 
While the ranking (preference) in terms of absolute rejection to the systems 
ensures that investments in crops only and forests only are rejected more 
than other systems, this fact may also entail that complete protection of 
government forest reserves as well will be more rejected than practicing 
TAUNGYA system.  
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4.6 Perception of land users on alternative land use systems 
Farmers adopting pure agricultural system gave a variety of reasons, usually 
in combination, for considering it advantageous over other systems (Figure 
4.17). The most frequently mentioned reason is that related to income 
generation and profitability, as these were stated by 57% of those adopting 
the system. Around 37% favor the system because it has given them the 
opportunity to settle in the land. While 24% considered the seasonal nature 
of the system gives them the opportunity to practice other activities during 
off-season period.  
 
 
Figure 4.16  percent of respondents indicating reasons for adopting 
crops only system 
 
 
Adopters have also expressed the problems associated with the system. The 
most frequently cited disadvantages are water problems, expressed as 
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“fluctuation of rainfall’ or “scarcity of water (and associated delays in 
agricultural operations) and declining land productivity (33%). Invasion of 
weeds and grasses is stated by 28.5%, while financing problems were stated 
by 16% of adopters. Chi squire test has shown significant association 
between farming systems and  problems of crops only system. In irrigated 
farms the most prominent problem is, surprisingly, scarcity of irrigation 
water. fluctuation of rainfall and declining productivity are the most 
prominent problems in both MRF schemes and TRF (Figure 4.18). Pests 
seem to be considered by respondents as a secondary (being not mentioned) 
problem, this might reflect their frustration (as if saying: there is nothing to 
be attacked by pests)   
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Figure 4.17   Problems stated by crops only adopters in different 
farming systems 
 
 
Table 4.9  percent of respondents indicating advantages of adopting 
crops with tree system 
5 2.9 27.8 27.8
4 2.3 22.2 50.0
3 1.8 16.7 66.7
3 1.8 16.7 83.3
2 1.2 11.1 94.4
1 .6 5.6 100.0
18 10.5 100.0
151 88.3
2 1.2
153 89.5
171 100.0
profitable+conseving productivityof land
conserve productivity of   land
profitable
two seasons,profitable&conserving productivity
two seasons+conserving procctivity
profitable+conserve productivity+shade the anim
Total
Valid
irrelevant(not adopting this system
not mentioned
Total
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
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Table 4.10  Opinion of respondents on alternative (not adopted) land-
use systems 
Valid Percent of respondents  Opinion 
Crops 
only 
agroforest
ry 
agropastora
l 
Forest 
only 
agrosilvo
pastoral 
Supporting the system 5.8 39.2 12.2 13.3 6.2 
Not supporting 23.1 11.1 14.2 7.2 4.3 
Supporting but technically 
incapable 
1.9 - 33.1 - - 
Worried about productivity 50 - 2.7 - - 
Supporting but financially 
incapable 
- 7.8 37.8 6.6 6.8 
Supporting but need 
extension 
- 21.6 - 13.3 10.6 
Supporting but need 
extension and finance 
- 0.7 - 3 1.3 
 - - - - - 
No opinions mention 19.2 19.6 - 56.6 70.8 
Total valid respondents 100 100 100 100 100 
 
It is found that the “crops with trees “system was adopted by only 10.5% of 
respondents. The advantages perceived by adopters centre around their 
belief that this system enhances land productivity (72 % of adopters) and/or 
are profitable (66%), while 32   % indicated that it is advantageous because 
it involves two seasons of benefits, from agricultural crops and from trees. 
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These tables show that almost all systems are in need to extension services 
in addition to research (technical) services , and/or financial (credit) support 
from the government and/or any possible NGOs  in order to help land users 
to settle and for land use environment/rural development conditions to 
improve.    
 
4.7 Land productivity in different land use systems in deforested 
areas 
 
Table 4.11 presents crop productivity in the different adopted land use 
systems. For all crops the highest productivity was achieved with farms 
adopting crops with trees system/agrosilvopastoral systems i.e. in systems 
where trees are present whether animals are included or not. 
The official records of  Soghum productivity in Sinnar state (appendix no.1 
table 9 ) is more or less similar to the mean productivity of the main land use 
system (agricultural crops only)   
 
The effects of human practices associated with the different land use systems 
seems to indicate different effects on land productivity of such systems, and 
hence on sustainability of land use. The comparison of crop productivity 
reveals that productivity of agricultural crops in local agroforestry practices 
(crops with trees, & agrosilvopastoral) is significantly better than local non-
agroforestry practices (crops only & agropastoral)  
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Table 4.11 Comparison of crop productivity in the different adopted 
land use systems (sacs/feddan) 
 
Mean productivity System 
sorghum sesame millet 
Agricultural crops only 1.7a 1.01a 1.05a 
Agricultural crops with trees 3.59b 2.02b 2.03b 
Agropastoral 1.55a 1.01a .6a 
agrosilvopastoral 2.95b 2.18b 5.1 
Notes: 
1. Different letters indicate that means are significantly different at the 0.05 significance 
level, according to LSD test 
2. Millet productivity in the agrosilvopastoral system was excluded from the multiple 
comparison tests be because too few farmers adopted this system. 
3. Computations are made for the years 1998-2001.  
  
4.8 Estimate of financial net returns of the different land-use    
alternatives 
Table 4.12 shows the per unit area (feddan) cost of producing crops in 
different land use systems. It can be seen that cost is the same for the same 
crop regardless of the land use system.  
Gross and net revenues are presented in table 4.13 indicating that crops with 
trees gave the best results of revenues for all cultivated crops.   
Table 4.14 presents the per feddan net revenue in each system, where each 
crop was weighted by its relative area in the average farm. This means that 
on average a deforested area produces L.S 29975/feddan if crops with trees 
system was adopted, while it is a total waste when other systems were 
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adopted. It can be indicated from the financial point of view, that traditional 
agroforestry systems are more sustainable than other (traditional) non-
agroforestry systems. 
 
 
Table 4.12      cost of producing crops in different land use systems 
(LS/feddan) 
Crop Costs all systems (LS/feddan) 
 seeds Machine labor Total 
Sorghum 2461.37 7954.05 31987.64 42403.06 
Sesame 2918.66 7337.33 36094.43 46350.42 
millet 1933.57 7897.30 25933.33 35764.2 
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Table 4.13 gross and net revenue of producing crops in different land use systems (LS/feddan) 
Crops only Crops with trees agropastoral agrosilvopastoral crop 
Farm 
gate 
price 
Gross 
returns 
Net 
returns 
Farm 
gate 
price 
Gross 
returns 
Net 
returns 
Farm 
gate 
price 
Gross 
returns 
Net 
returns 
Farm 
gate 
price 
Gross 
returns 
Net 
returns 
sorghum 24040.62 40869.05 -  
7451.70 
24040.62 86305.82 31405.97 24040.62 37262.00 -
10535.64
24040.62 70919.82 -
52672.01
sesame 30265.43 30568.08 -
19298.14 
30265.43 61136.16 7754.12 30265.43 30567.99 -
19298.14
30265.43 75978.63 - 
53939.00
millet 36000.00 37800.00 -  
1619.25 
36000.00 73080.00 30249.37 36000.00 21600 -
16252.80
36000.00  - 
53517.30
 
Note: productivity is average for last 3 years (table 4.11) 
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Table 4.14 proportional net return of producing crops in different land use systems (LS/feddan) 
 
Proportional Net return Crop 
crops only crop with trees agropastoral agrosilvopastoral
Sorghum -5459.197539 23008.34545 -38588.06391 -38588.1 
Sesame -3712.025151 1491.517415 -10375.24163 -10375.2 
Millet -293.0851313 5475.152434 -9686.660429 -9686.66 
Total/feddan -9464.307821 29975.01529 -58649.96597 -58650 
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CHPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions 
i. The majority of people in the study area depend in their livelihood 
on land for agricultural cultivation with or without animals and/or 
tree crops, keeping this fact in mind in addition to financial 
problems facing most farmers; the rate of deforestation will 
continue in the search for fertile lands. 
ii.   Almost all possible arable lands are now under use. 
iii.  Important causes behind deforestation and land use conversion 
centre around  income generation or income support, access to 
agricultural land and need for self-sufficiency of food (cereals + 
fuel wood) indicated by the finding that most farmers cultivate 
sorghum and sesame in place of forestland.  
iv. Comparison among farming systems indicate that space for 
cultivation is the most important reason in rain-fed farms, both in 
MRF, and in TRF, while in irrigated schemes firewood production 
seems to be more important .  
v. MRF is the most responsible system for deforestation and land use 
conversion (more adverse in Elmazmume district); followed by 
TRF (more adverse in Wadalnayal district); irrigated schemes are 
the least responsible  
vi. The poor adoption of farmers in TRF or MRF to forest production 
activities indicates a vanishing gum arabic business probably due 
to deterioration of tree cover due to deterioration of tree cover as a 
result of deforestation and change in tenure and land use features. 
vii. The change in land use was accompanied by disappearance of  a 
number of tree, grass and animal species from the area  indicating a 
negative impact on biodiversity. 
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viii. The main consequence of deforestation perceived by respondents 
fall under environmental problems, specifically declining and 
erratic rainfall, drought and desertification, floods, erosion and loss 
of soil surface, and declining of land productivity. 
ix.  Crops in local agroforestry practices are significantly better in 
productivity and financial returns than local non-agroforestry 
practices. 
 
5.2. Recommendations 
i. Improvement of productivity and profitability in the existing crop 
lands – especially in MRF schemes- becomes a top priority for: 
insuring sustainable management of the currently cultivated lands,  
conserving the remaining potentials of forests , soils, and water 
resources ; comprehensive research is needed in aspects related to 
this problem. 
ii.   Reversing degradation (due to large scale deforestation) in the 
study area and other areas in the country , needs considerable time 
and effort from the government and different stakeholders. A  
national fund is extremely needed out side the FNC and land users’ 
financial capacity to implement national tree planting campaigns 
equivalent to the moral commitment to conserve the balanced 
environment of future generations , and equivalent to the national 
commitments towards relevant international conventions  
(Biodiversity Conservation, Climate Change, ….. etc.) 
iii.  Urgent comprehensive land use planning , based on participatory 
approaches and thorough field research is very basic for reversing 
degradation.  
iv. Land use and forestry policies have to be modified , the following 
may be recommended: 
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? as Balanitis aegyptiaca (Heglig) is a farmer friendly species and 
easily regenerated , the ministerial decree which prohibits 
utilization of it's wood is no longer convenient , and may hinder 
farmers' motives towards it's protection and/or replanting .It is 
already now subjected to severe pollarding and felling by nomads 
and charcoal producers, this situation need to be rectified. 
? Careful agroforestry extension ,and encouragement for innovative 
investments (e.g. Ecotourism, Bio-trade, export and  industries 
based on non wood forests products-NWFP), national day 
replanting campaigns, altogether with carefully designed/revised,  
incentives for its intercropping with cereals will give better results. 
?  Future allocation of land for any use should specify at least 25% 
for investment in forests , ranches and or animal routes as stated in 
national strategies. 
? All marginal lands and abandoned MRF schemes should better be 
allocated for natural resources and/or animal routes.  
v.  Imperfection of market prices related to natural resources need to 
be avoided when allocating lands for (agriculture, oil or any other) 
investment. The lease contract should contain a guarantee 
equivalent to expenses of shelter belt and should be deposited by  
 farmer/investor prior to clear felling any tree crop. 
vi. Efforts should be paid by FNC wherever possible to revise and 
effectuate TAUNGYA practices as a tool to manage natural forest 
reserves.  
vii.  Lending policies should be linked with sustainable land 
management practices such as - Shelterbelts (preferably with 
leguminous tree species), fallow rotation, diversity of crops, 
optimum (conservative) soil working practices, adopting results of 
field research.  
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viii. Institutional reform and legislative modifications are needed to 
collect all public sector agencies and natural resource legislations 
as a first step to avoid further resource degradation.  
ix. All land use systems are in need for extension services together with 
research services to ensure better practices. 
x. As fluctuation of rainfall is the bottleneck of  crop cultivation in 
the area ; and water availability is the bottleneck of sustainable 
land use in the area in general and around Eldali and Elmazmume 
in particular . It is therefore a priority to support the adoption of 
water harvesting techniques / water spreading practices and any 
possible investment in irrigation and water development.   
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Appendix no. ( 1  )Area under Rain-fed Cultivation (MRF & TRF) 
 
Description Area per fed. % of state area 
Demarcated MRF 
schemes 
1,742,000 16.89% 
Un-demarcated MRF 
schemes 
2,500,000 24.25% 
Total MRF schemes 4,242,000 41.14% 
Bildat (TRF) 500,000 4.85% 
Total area under rain- 
fed cultivation 
4,742,000 46% 
Total area of the state 9,700,000 100% 
 
Source:  Hamry et al (Abapted by investigator)
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Appendix 1  Table (2) Types of disapppearing favored natural grass species 
due to land use change as stated by respondents 
dominant types of favourable natural grass disappearing due to land use change
in all systems
24 14.0 20.0 20.0
17 9.9 14.2 34.2
16 9.4 13.3 47.5
12 7.0 10.0 57.5
5 2.9 4.2 61.7
5 2.9 4.2 65.8
4 2.3 3.3 69.2
4 2.3 3.3 72.5
3 1.8 2.5 75.0
2 1.2 1.7 76.7
2 1.2 1.7 78.3
2 1.2 1.7 80.0
2 1.2 1.7 81.7
2 1.2 1.7 83.3
1 .6 .8 84.2
1 .6 .8 85.0
1 .6 .8 85.8
1 .6 .8 86.7
1 .6 .8 87.5
1 .6 .8 88.3
1 .6 .8 89.2
1 .6 .8 90.0
1 .6 .8 90.8
1 .6 .8 91.7
1 .6 .8 92.5
1 .6 .8 93.3
1 .6 .8 94.2
1 .6 .8 95.0
1 .6 .8 95.8
1 .6 .8 96.7
1 .6 .8 97.5
1 .6 .8 98.3
1 .6 .8 99.2
1 .6 .8 100.0
120 70.2 100.0
37 21.6
12 7.0
2 1.2
51 29.8
171 100.0
dumbalab
anees+anzora+dambalab
anees+dambalab+nal
boos+nal
anees+dambalab
abufarwa+dumbalab
nal
anees+nal
anzora+boss+dambalab+nal
anzora
boos
anees+anzora
anzora+dambalab+nal
anees+anzora+dumbalab+nal
anees
abufarwa
mamlaiha
boos+rizza
anzora+dambalab
dumbalab+mamlaiha
boos+dumbalab
anees+mamlaiha
anzora+mamlaiha
anees+dambalab+rizza
anees+mamlaiha+rizza
dambalab+nal+mamlaih
anees+nal+mamlaiha
anees+boos+nal
boos+damblab+nal
boos+mamlaiha+nal
boos+dumbalab+mamlaiha
anees+anzora+mamlaiha
boos+dambalab+nal+rizza
anees+boos+dambalab+rizza
Total
Valid
System
not remembered
no clear change in grass spp.
Total
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
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Appendix1  Table (3) Types of disappearing favored natural grass species 
due to land use change in different farming systems 
% of Total
1.7% 1.7% 3.3%
.8% 10.0% 9.2% 20.0%
.8% .8%
1.7% 1.7%
.8% .8%
.8% .8%
1.7% 1.7%
.8% .8%
.8% 1.7% .8% 3.3%
1.7% 6.7% 1.7% 10.0%
2.5% 1.7% 4.2%
.8% .8%
4.2% 4.2%
.8% .8%
.8% .8%
.8% .8% 1.7%
.8% .8%
.8% .8%
.8% .8%
.8% .8%
1.7% 5.0% 6.7% 13.3%
.8% .8% 1.7%
.8% .8%
.8% .8%
.8% .8%
.8% .8%
.8% .8%
1.7% 8.3% 4.2% 14.2%
.8% .8%
.8% .8%
.8% .8%
.8% .8%
1.7% 1.7%
2.5% 2.5%
23.3% 43.3% 33.3% 100.0%
nal
dumbalab
anees
anzora
abufarwa
mamlaiha
boos
boos+rizza
anees+nal
boos+nal
anees+dambalab
anzora+dambalab
abufarwa+dumbalab
dumbalab+mamlaiha
boos+dumbalab
anees+anzora
anees+mamlaiha
anzora+mamlaiha
anees+dambalab+rizza
anees+mamlaiha+rizza
anees+dambalab+nal
anzora+dambalab+nal
dambalab+nal+mamlaih
anees+nal+mamlaiha
anees+boos+nal
boos+damblab+nal
boos+mamlaiha+nal
anees+anzora+dambala
b
boos+dumbalab+mamla
iha
anees+anzora+mamlaih
a
boos+dambalab+nal+riz
za
anees+boos+dambalab+
rizza
anees+anzora+dumbala
b+nal
anzora+boss+dambalab
+nal
dominant
types of
favourable
natural grass
disappearing
due to land
use change
in all systems
Total
Part of irrigated schem Bildat (outside schems)
part of mechanized
rainfed scheme
Farming system of land under cultivation
Total
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appendix 1Table (4)  
dominant types of grass increasers after using the land
35 20.5 30.4 30.4
10 5.8 8.7 39.1
9 5.3 7.8 47.0
8 4.7 7.0 53.9
7 4.1 6.1 60.0
6 3.5 5.2 65.2
6 3.5 5.2 70.4
6 3.5 5.2 75.7
4 2.3 3.5 79.1
4 2.3 3.5 82.6
4 2.3 3.5 86.1
3 1.8 2.6 88.7
3 1.8 2.6 91.3
2 1.2 1.7 93.0
2 1.2 1.7 94.8
2 1.2 1.7 96.5
2 1.2 1.7 98.3
1 .6 .9 99.1
1 .6 .9 100.0
115 67.3 100.0
52 30.4
4 2.3
56 32.7
171 100.0
other
abu areeda
abu murwa+abu areeda
buda
buda+agaiz galasan
abu murwa
buda+other
agaiz galasan+abu
areeda+other
sie`id
bui yade+agaiz galasan
bui yade+agaiz galasan+abu
murwa+abu areeda
bui yade
bui yade+other
agaiz galasan
sie id+agaiz galasan
abu murwa+buda
abu areeda+buda
abu murwa+other
abu murwa+abu areeda+buda
Total
Valid
not remembered
no clear change in grass spp.
Total
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
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appendix  1 Table 5 
dominant types of tree spp. before current use in different systems
30 17.5 23.3 23.3
27 15.8 20.9 44.2
20 11.7 15.5 59.7
14 8.2 10.9 70.5
6 3.5 4.7 75.2
5 2.9 3.9 79.1
5 2.9 3.9 82.9
4 2.3 3.1 86.0
4 2.3 3.1 89.1
3 1.8 2.3 91.5
2 1.2 1.6 93.0
2 1.2 1.6 94.6
1 .6 .8 95.3
1 .6 .8 96.1
1 .6 .8 96.9
1 .6 .8 97.7
1 .6 .8 98.4
1 .6 .8 99.2
1 .6 .8 100.0
129 75.4 100.0
18 10.5
16 9.4
6 3.5
2 1.2
42 24.6
171 100.0
heglig+hashab+talih
heglig+talih
hashab+talih
talh
heglig
Hashab
heglig+hashab+talih+sunut
heglig&hashab
heglig+hashab+talih+kakamout
talih+sunut
heglig+talih+sunut
hashab+talih+sunut
other
kitr+talh+kakammout
sidir+sunut
higlig+sidir+sunut
hashab+talih+kakamot
talih+kakmout+sunut
hashab+talih+sidir+sunut
Total
Valid
not mentioned
no trees
not in irrigated scheme
System
Total
Missing
Total
Frequency Percent Valid Percent
Cumulative
Percent
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Appendix 1 Table 6   Land condition   before conversion to MRF in 
different localities 
 
 
 Dense 
forest 
Moderate 
forest 
Previously 
cultivated 
Bare 
land 
Total 
Elmazmume 41.1% 3.6%   44.6% 
Rifi Singa 8.9% 1.8% 3.6% 1.8% 16.1% 
Wad 
alnayal 
7.1% 5.4%   12.5% 
Eldali 14.3% 5.4% 1.8% 5.4% 26.8% 
Total 71.1% 16.1% 5.4% 7.1% 100% 
 
 
 
 
Appendix 1 Table 7   Land condition / locality before conversion to 
TRF  (Bildat) in different localities 
 
 
 Dense 
forest 
Moderate 
forest 
Previously 
cultivated 
Bare 
land 
Total 
Elmazmume 14.8%  2.5% 1.2% 18.5% 
Rifi Singa 13.6% 7.4% 6.2% 1.2% 28.4% 
Wad 
alnayal 
25.9% 6.2% 7.4%  39.5% 
Eldali 8.6% 1.2%  3.7% 13.6% 
Total 63.0% 14.8% 16.0% 6.2% 100% 
 
 
 
 
 
 
 
 
 87
 
 
Appendix 1 Table 8   Land condition / locality before conversion to 
irrigated schemes in different localities 
 
Land 
condition 
Dense 
forest 
Moderate 
forest 
Previously 
cultivated 
Bare 
land 
Total 
RifiSinga 53.1% 18.8% 21.9% 6.3% 100% 
 
 
 
 
 
Appendix 1 Table 9        Average productivity of Sorghum in Sinnar 
state 
 
Season 98/1999 1999/2000 2000/2001 
 
2001/2002
Sorghum 
sacs/fed. 
1.5 2.0 1.5 1.5 
 
Source: Rain fed Administration, Ministry  of Agriculture, Sinnar state 
 
 
 
 
Appendix 1 Table 10  Average rain fall in the study area (mm./year) 
 
Station 1999/2000 2000/2001 2001/2002 
Singa 544.4 326.4 377.0 
Wad alnayal 1057.5 595.3 682.7 
Eldaly 541.0 623.4 668 
Elmazmume 488.2 582.2 526.5 
 
 Source: Hamry et al (2002)
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Appendix 2 table 1   Average seed cost per feddan for agricultural crops in different land use systems  
73 28218.8568 25667.04207 3004.10005 22230.2928 34207.4208 6.63 160400.0
14 74972.5850 203129.26319 54288.57915 -42310.7598 192255.9298 8000.00 780000.0
18 20721.7572 15566.87372 3669.14732 12980.5330 28462.9814 2251.61 58400.00
6 18004.6157 14905.93544 6085.32266 2361.7958 33647.4356 3045.24 41666.67
4 21991.6667 16420.00530 8210.00265 -4136.2259 48119.5593 12000.00 46433.33
115 31987.6411 73784.55762 6880.44548 18357.5316 45617.7506 6.63 780000.0
48 34749.9867 24622.54706 3553.95854 27600.3443 41899.6291 6000.00 102924.0
14 46076.4002 25603.29439 6842.76826 31293.4982 60859.3023 17500.00 113555.6
9 33426.8519 19193.89813 6397.96604 18673.1157 48180.5880 14033.33 75400.00
6 35692.1242 18585.48709 7587.49333 16187.8516 55196.3967 4323.33 55466.67
3 19830.5556 14641.50383 8453.27617 -16540.9563 56202.0674 6000.00 35166.67
80 36094.4380 23723.06536 2652.31934 30815.1285 41373.7476 4323.33 113555.6
18 29718.5185 40617.18457 9573.56221 9520.0678 49916.9692 400.00 182200.0
2 17575.0000 2227.38636 1575.00000 -2437.2725 37587.2725 16000.00 19150.00
7 21221.4286 10470.03093 3957.29972 11538.2650 30904.5922 4400.00 31600.00
1 7500.0000 . . . . 7500.00 7500.00
0 . . . . . . .
28 25933.3333 33111.12603 6257.41465 13094.1790 38772.4877 400.00 182200.0
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
computed average labour cost
for sorghum crop for different
systems 2001(LS/Fedan)
computed average labour cost
for seseme crop in different
systems 2001(LS/Fedan)
computed average labour cost
for dukhn cropin different
systems 2001(LS/Fedan)
N Mean Std. Deviation Std. Error Lower Bound Upper Bound
95% Confidence Interval for
Mean
Minimum Maximum
LSD test indicates that labour cost/fedan for each crop  is not significantly different among different lan d use systems
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43 2743.3488 1470.08484 224.18584 2290.9235 3195.7742 600.00 5800.00
5 1600.0000 953.93920 426.61458 415.5280 2784.4720 700.00 3200.00
11 2016.3636 1951.02549 588.25632 705.6469 3327.0804 500.00 7200.00
1 1250.0000 . . . . 1250.00 1250.00
1 750.0000 . . . . 750.00 750.00
61 2461.3770 1560.85784 199.84737 2061.6228 2861.1313 500.00 7200.00
17 2668.8235 1011.01361 245.20682 2149.0083 3188.6388 1500.00 5100.00
5 3600.0000 1288.40987 576.19441 2000.2278 5199.7722 1400.00 4800.00
4 3108.5000 1896.88051 948.44025 90.1398 6126.8602 1100.00 5600.00
1 3000.0000 . . . . 3000.00 3000.00
0 . . . . . . .
27 2918.6667 1198.10504 230.57542 2444.7121 3392.6212 1100.00 5600.00
9 1855.5556 777.99600 259.33200 1257.5349 2453.5762 700.00 3200.00
1 1800.0000 . . . . 1800.00 1800.00
4 2142.5000 1139.54304 569.77152 329.2327 3955.7673 1120.00 3250.00
0 . . . . . . .
0 . . . . . . .
14 1933.5714 831.36225 222.19091 1453.5572 2413.5857 700.00 3250.00
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
cost of Sorghum seeds in
different systems (ls/fed)
cost of seasme seeds in
different systems 2001 (ls/fed)
cost of dukhun seeds in
different systems 2001 (ls/fed)
N Mean Std. Deviation Std. Error Lower Bound Upper Bound
95% Confidence Interval for
Mean
Minimum Maximum
LSD test indicates insignificant different in seed cost for each crop in different land use systems
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94 7388.7234 3348.43704 345.36491 6702.8971 8074.5497 3000.00 27000.00
16 6983.1250 2431.36921 607.84230 5687.5398 8278.7102 3750.00 14000.00
21 10780.4762 15025.35540 3278.80135 3941.0164 17619.9360 4000.00 75000.00
8 9596.2500 5592.91372 1977.39361 4920.4571 14272.0429 3250.00 17920.00
4 7000.0000 1779.51304 889.75652 4168.3976 9831.6024 5000.00 8500.00
143 7954.0559 6561.29595 548.68313 6869.4131 9038.6988 3000.00 75000.00
67 7654.7761 3632.76060 443.81234 6768.6762 8540.8761 3000.00 27000.00
16 6833.1250 2001.20537 500.30134 5766.7579 7899.4921 3750.00 10000.00
11 6450.0000 2052.43758 618.83321 5071.1537 7828.8463 4000.00 10000.00
8 7533.7500 5013.69250 1772.60798 3342.1982 11725.3018 2300.00 17920.00
3 5666.6667 577.35027 333.33333 4232.4491 7100.8842 5000.00 6000.00
105 7337.3333 3365.52752 328.44186 6686.0208 7988.6459 2300.00 27000.00
28 8314.5357 10441.98564 1973.34980 4265.5564 12363.5151 7.00 60000.00
3 9810.0000 5547.27861 3202.72280 -3970.2040 23590.2040 6230.00 16200.00
9 6794.4444 1978.39020 659.46340 5273.7191 8315.1698 4000.00 10000.00
1 2300.0000 . . . . 2300.00 2300.00
1 6000.0000 . . . . 6000.00 6000.00
42 7897.3095 8693.32425 1341.40905 5188.2790 10606.3401 7.00 60000.00
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
machine cost for
Sorghum in different
systems 2001 (ls/feddan)
machine cost for seasme
in different systems 2001
(Ls/feddan)
machine cost for dukhun
different systems 2001
(Ls/feddan)
N Mean Std. Deviation Std. Error Lower Bound Upper Bound
95% Confidence Interval for
Mean
Minimum Maximum
machine cost is not significantly different among different land use systems
 
 
 
 
 
 
 
 91
 
Appendix 2 table 1     Average labour cost per feddan for agricultural crops in different land use systems 
 
 
73 28218.8568 25667.04207 3004.10005 22230.2928 34207.4208 6.63 160400.0
14 74972.5850 203129.26319 54288.57915 -42310.7598 192255.9298 8000.00 780000.0
18 20721.7572 15566.87372 3669.14732 12980.5330 28462.9814 2251.61 58400.00
6 18004.6157 14905.93544 6085.32266 2361.7958 33647.4356 3045.24 41666.67
4 21991.6667 16420.00530 8210.00265 -4136.2259 48119.5593 12000.00 46433.33
115 31987.6411 73784.55762 6880.44548 18357.5316 45617.7506 6.63 780000.0
48 34749.9867 24622.54706 3553.95854 27600.3443 41899.6291 6000.00 102924.0
14 46076.4002 25603.29439 6842.76826 31293.4982 60859.3023 17500.00 113555.6
9 33426.8519 19193.89813 6397.96604 18673.1157 48180.5880 14033.33 75400.00
6 35692.1242 18585.48709 7587.49333 16187.8516 55196.3967 4323.33 55466.67
3 19830.5556 14641.50383 8453.27617 -16540.9563 56202.0674 6000.00 35166.67
80 36094.4380 23723.06536 2652.31934 30815.1285 41373.7476 4323.33 113555.6
18 29718.5185 40617.18457 9573.56221 9520.0678 49916.9692 400.00 182200.0
2 17575.0000 2227.38636 1575.00000 -2437.2725 37587.2725 16000.00 19150.00
7 21221.4286 10470.03093 3957.29972 11538.2650 30904.5922 4400.00 31600.00
1 7500.0000 . . . . 7500.00 7500.00
0 . . . . . . .
28 25933.3333 33111.12603 6257.41465 13094.1790 38772.4877 400.00 182200.0
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
computed average labour cost
for sorghum crop for different
systems 2001(LS/Fedan)
computed average labour cost
for seseme crop in different
systems 2001(LS/Fedan)
computed average labour cost
for dukhn cropin different
systems 2001(LS/Fedan)
N Mean Std. Deviation Std. Error Lower Bound Upper Bound
95% Confidence Interval for
Mean
Minimum Maximum
LSD test indicates that labour cost/fedan for each crop  is not significantly different among different lan d use systems
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46 24983.6957 9834.80246 1450.06251 22063.1198 27904.2715 15000.00 50000.00
12 24416.6667 6052.17216 1747.11161 20571.2999 28262.0334 17000.00 35000.00
11 23136.3636 3564.34362 1074.69004 20741.8050 25530.9223 18000.00 30000.00
8 21250.0000 2121.32034 750.00000 19476.5318 23023.4682 18000.00 25000.00
3 18833.3333 1258.30574 726.48316 15707.5286 21959.1381 17500.00 20000.00
80 24040.6250 8044.52048 899.40473 22250.4047 25830.8453 15000.00 50000.00
50 30420.0000 8557.94177 1210.27573 27987.8599 32852.1401 17500.00 59000.00
14 33000.0000 12272.54597 3279.97588 25914.0429 40085.9571 22500.00 60000.00
6 25333.3333 3444.80285 1406.33487 21718.2345 28948.4322 20000.00 30000.00
9 29388.8889 6158.21493 2052.73831 24655.2659 34122.5119 22500.00 40000.00
2 26000.0000 1414.21356 1000.00000 13293.7953 38706.2047 25000.00 27000.00
81 30265.4321 8808.05257 978.67251 28317.8117 32213.0525 17500.00 60000.00
14 36535.7143 12731.64484 3402.67521 29184.6814 43886.7472 25000.00 65000.00
2 40000.0000 21213.20344 15000.00000 -150593.0710 230593.0710 25000.00 55000.00
3 32833.3333 4310.83905 2488.86409 22124.6155 43542.0512 29000.00 37500.00
1 30000.0000 . . . . 30000.00 30000.00
0 . . . . . . .
20 36000.0000 11913.06227 2663.84171 30424.5152 41575.4848 25000.00 65000.00
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
agricultural crops only
Agricultural crops with trees
agropastural
 Agrosilvopastoral
agric. crop only + forest only
Total
farm gate price of Sorghum
season 2001/2002 (ls/sac)in
different systems
farm gate price of Seasme
seaon 2001/2002
(ls/quntar)in different systems
farm gate price of dukhun
season 2001/2002 (ls/sac) in
different systems
N Mean Std. Deviation Std. Error Lower Bound Upper Bound
95% Confidence Interval for
Mean
Minimum Maximum
differences in cropprice is not significant beteen lan duse systems
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Appendix 3 table 1  
Main tree and shrub species subjected to clear felling as a 
result of deforestation and land use conversion as 
remembered by respondents. 
 
Latin name                                           Vernacular name 
Acacia mellifera (Vahl),Benth Kitir 
Acacia nubica Benth Laot 
Acacia nilotica (L.) Willd. Ex Del. Sunut 
Acacia senegal (L.) Willd Hashab 
Acacia seyal var. seyal    Talih 
Acacia seyal var. fistula    Suffar Abyadh 
Acacia polyacantha Willd Kakamut 
Adansonia digitata (Linn.) Tabaldi 
Anogeissus leocarpus (DC.) Guil & Perr Sahab / Seilac 
Balanitis aegyptiaca (Linn.) Del Heglig 
Boscia senegalensis (Perr.) Lan & Poir Mukhait 
Combretum glutinosum  Perrotec ex. DC. Habeel 
Combretum hartmannianum Schweinf Subagh 
Dalbergia melanoxylon (Guil & Perr.) Babanus 
Cadaba farinosa Forsk Kurmut 
Cordia spp. R. Br. Indirab / Gumbeel 
Capparis decidua (Forsk) Edgew Tundub 
Dichrostachis cinerea (L.) Wight & Arn. Kadad 
Dalbergia melanoxylon (Guil & Perr.) Babanus 
Faidharbia albida (Del.) A. Haraz 
Grewia tenax  (Forsk.) Fiori Guddaim 
Hyphaene thebaica (Linn.) Mart Doam 
Lannea fruiticosa Hochst Ex. A. R. Rich. Engl Layoun 
Tamarix aphylla (L.) Karst. Tarfa 
Terminalia brownii  Fresen Daroat 
Sterculia setigora  Del. Tartar 
Ziziphus spinachristi (L. D. Sf.)  Sidir 
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Appendix 3 Table 2  
Main game (mammal) species subjected to change as a result 
of deforestation and land use conversion as remembered by 
respondents. 
 
Latin name                                           Vernacular name 
Giraffa cameloparadilis      (***) Zaraf 
Ourebia ourebi                     *** Ghazal moar 
Redunca redunca                  *** Bushmat 
Tragelaphus strepsiceros      *** Nalat 
Kobus defassa                      ***  Katambour 
Damaliscus korrigum ting    *** Taital 
Gazella rofifrons                    ** Um sair 
Gazzella soemmeringii         *** Aryal 
Orycterpus sp.                       *** Abundulaf 
Hippotragus equinus             ***  Abu uruf 
Hystrix cristata                     *** Abushoak 
Phacochoerus othiopicus      *** Hallouf 
Loxodanta africana               ***  Feil 
Papio cynocephalus Tigil 
Erythrocebus patas                *** Gird attalih 
Panthera leo                          ***            Asad 
Panthera pardus                    *** Fahad 
Vulpes pallida                       ** Thaalab 
Fellis spp.                              (…)   Kadayis 
Hyaena hyaena                      ** Dhabaa 
Crocuta crocuta                     **    ,, 
                                              (…) Sabara 
                                              (…)   Arnab 
(***)  extincted very early    
***     Extincted 
**   endangered       
(…)  increased 
 
source: adapted by investigator from interviews with local and official leaders + main 
questionnaire 
 
 
 
 
  95
Appendix 3 Table 3  
Main grass species subjected to change as a result of 
deforestation and land use conversion as remembered by 
respondents. 
 
 
A- original species:  
 
Latin name Vernacular name 
Aristida mutabilis Dumbalab 
     , ,      adscensionis      , , 
Blepharis spp. Seha / Bighail 
Cymbopogon nervatus Nal 
Sorghum purpurcosericeum Anees 
Sorghum arundinaceum Adar 
Pennisetum spp.  
Andropogon gyanus Abu rakhees 
Echinchola colona Rizza 
Brachiaria deflexa Um furaw 
 
 
B- increasers / invaders  
 
Latin name Vernacular name 
Vernonia paucifolia Abu Murwa 
Desmodium dichotomum Abu Areeda 
 Buyade 
Striga hermonthica Buda 
Striga senegalensis Buda 
Corchorus fascicularis Himaira = khudra 
Ipomea cordufana Tabar 
Ipomea blepharosepala Hantut 
Cyprus rotundus  Seida 
Sonchus spp. Molaita 
Bidens biternosa Agaiz galasan 
/Sheelni maak 
 
NB. Vossia cuspidata (Boos) mentioned in some sites as original grass 
(decreaser) and as increaser / invader in other sites.  
  96
 
 
Land use survey/Singa province    
 
(A) General Data   
A-1 Location:   
 2)province… … …    1)State … … …   
 3)Town/village… …  2) locality  
         
 
A-2 Respondent:   
A-2-1 Who is being interviewed: (circle appropriate number)   
(1) head of  household    (2)other member of household:  specify………….   
   
[   ] 
A-2-2  Age of : respondent ………………        [   ] 
A-2-3  Sex of respondent: (1) male    (2)  female       [   ] 
  
 
 
B-Economic activities:           
B1 What is your present occupation: (circle appropriate number)     
(1) farmer        (2) trader     (3) farmer and trader                 (4) farm worker               (5) land owner   
(6) other (specify) …………………….  
[   ] 
 
B2 Land and land-use systems 
 
B2.1 If you work on land (e.g. farmer), what is  (are) the land-use system (s) you are adopting in 
managing this land : (circle appropriate letter or letters) 
[   ] 
a) Pure Agricultural crop production (no trees, no animals)  [   ] 
• Area……..(feddan) [   ] 
• Ownership (1) owned by buying (2) owned by inheritance  (3) rented   (4) other 
(specify)…………… 
[   ] 
• Reasons for adopting this system 
• What, in your opinion, are the advantages of this system?-----------------------------------------------
-------------------------------------------------------------------------------------------------------------------- 
[   ] 
What, in your opinion, are the disadvantages of this system?-------------------------------------------------
------------------------------------------------------------------------------------------------------------------------- 
 
[   ] 
(b)Agricultural crop and trees ( no animals) [   ] 
• Area……..(feddan) 
 
[   ] 
• Ownership (1) owned by buying (2) owned by inheritance  (3) rented   (4) other 
(specify)…………… 
[   ] 
• Reasons for adopting this system 
What, in your opinion, are the advantages of this system?----------------------------------------------------
------------------------------------------------------------------------------------------------------------------------- 
[   ] 
What, in your opinion, are the disadvantages of this system?-------------------------------------------------
------------------------------------------------------------------------------------------------------------------------- 
[   ] 
Name of interviewer…………………….. 
Date of interview…./…../ 
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(c)Agricultural crop and animals (no trees)  
• Area……..(feddan) 
[   ] 
• Ownership (1) owned by buying (2) owned by inheritance (3) rented   (4) other 
(specify)…………… 
[   ] 
• Reasons for adopting this system 
What, in your opinion, are the advantages of this system?----------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------
--------------- 
[   ] 
What, in your opinion, are the disadvantages of this system?-------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------
------------------ 
[   ] 
(d)Agricultural crops, trees and animals  [   ] 
• Area……..(feddan) [   ] 
• Ownership (1) owned by buying (2) owned by inheritance (3) rented   (4) other 
(specify)…………… 
[   ] 
• Reasons for adopting this system 
What, in your opinion, are the advantages of this system?----------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------
--------------- 
[   ] 
What, in your opinion, are the disadvantages of this system?-------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------
------------------ 
[   ] 
(e) pure forest [   ] 
• Area……..(feddan) [   ] 
• Ownership (1) owned by buying (2) owned by inheritance (3) rented   (4) other 
(specify)…………… 
[   ] 
• Reasons for adopting this system 
What, in your opinion, are the advantages of this system?----------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------
--------------- 
[   ] 
What, in your opinion, are the disadvantages of this system?-------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------
----------------- 
 
[   ] 
 
B2.2 when did you  put land to its present  land-use system? (e.g. I started using this land 20 years 
ago for the purpose of cultivating sesame) ------------------------------------------------------ 
[   ] 
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B.2.3 What is your perception about the other alternative land use systems that you DID NOT use (why 
didn’t you use them?) 
System type perception  
1 
 
1.------------------------------------------------------------ 
2.------------------------------------------------------------ 
[   ] 
2 
 
1.------------------------------------------------------------ 
2.------------------------------------------------------------ 
[   ] 
3 
 
1.----------------------------------------------------------- 
2.------------------------------------------------------------ 
[   ] 
4 
 
1.------------------------------------------------------------ 
2.------------------------------------------------------------ 
[   ] 
 
B3 Previous Sate of  land  (please  give an account on the state of land before putting it 
into present use, e.g. was covered with dense trees) 
B3.1 State of land---------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------
------------      
[   ] 
B3.2  what were the types (of the following) previously prevailing in this land  
(a) trees or shrubs------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
------------ 
when did you see this type (s) for the last time (year---------------------) 
(a)grass------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
------------ 
when did you see this type (s) for the last time (year---------------------) 
 
[   ] 
(a)Animals--------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
-------- 
when did you see this type (s) for the last time (year---------------------) 
[   ] 
B3.3 if land was covered with trees  that were cleared      
a.  How big  was the cleared area? --------------------------feddans 
[   ] 
b.  how much was the cost of land clearing in the year of clearing-------------------------Dinars [   ] 
c. products from clearing :  
() firewood: volume………..value in year of clearing…………… 
() some other product (specify---------------): volume………..value in year of 
clearing…………… 
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B4; please fill in the table for agricultural crops cultivated in the cleared land 
Year from clearing Type of agric. 
crop 
Area cultivated 
with crop 
(feddan) 
Productivity /feddan 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
Season 1999 
 
   
Season 2000 
 
   
 
B4.1 Do you think that clearing land of trees is beneficial?  
(1) Yes (2) N0
What are the benefits?----------------1.--------
-----------------------------------------------------
-----------------
[   ] What are the problems? ---------- 
1.----------------------------------------------
------------------------------------------------ 
2.----------------------------------------------
------------------------------------------------ 
3-----------------------------------------------
------------------------------------------------
-----------------------
[   ] 
 
 
 
[   ] 
 
 
[   ]
2.---------------------------------------------------
-----------------------------------------------------
-----------------------------------------------------
--------------------------------------------
[   ]
How , in your opinion these problems 
can be solved? 
 1.---------------------------------------------
------------------------------------------------ 
2.----------------------------------------------
------------------------------------------------ 
3-----------------------------------------------
------------------------------------------------
----------------------------------------------
[   ] 
 
 
[   ] 
[   ]
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C  Details of land use system(s):              
C1.1: Pure Agricultural crop production (no trees, no animals); Description and value: If you are adopting this system, 
please provide the following information 
Production/F Sale Type and source of labor 
(2) Hired (No.) (1) 
Family 
labor 
(NO.) 
Way of crop arrangement (select 
number) 
Detailed 
description of 
land 
management 
system  
Type of crops 
cultivated in 
season 2001 
Area 
allocated 
for each 
crop 
Qunt. Unit Qunt. 
sold 
Place 
of 
sale 
Price 
/unit 
 
From village Outside villge 
 
 
 
         
          
 
 
 
         
(1) rotational;  
 
 
          
 
 
 
         
          
 
 
 
 
         
(2)non-rotational: 
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C1.2: Pure Agricultural crop production (no trees, no animals; Cost of production: If you are adopting this system, please 
provide the following information 
Labor 
 
Cost of machinery rent 
 
Other cash outflows (fertilizer, etc.) operation 
 
Crop 
cultivated 
Manday 
 
 
Daily 
wage 
Cost/hr No of 
hrs/feddan 
Description Amount and 
measurement  unit 
Cost/unit 
        
        
        
Land preparation 
        
        
        
        
Sowing 
        
        
        
        
Weeding1 
        
        
  
 
      
        
Weeding2 
        
        
        
        
Harvesting 
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C2 pure forests (no agric crops, no animals); Description: If you are adopting this system, please provide the following information 
 
Type and source of labor Type  of tree crops  Area allocated for 
each crop (2) Hired (No.) (1) 
Family 
labor 
(NO.) 
Way of tree crop 
arrangement (select 
number) 
Detailed description of land management 
system  
natural plantation natural plantation
 
From 
village 
Outside 
villge 
 
 
 
 
 
 
     
       
 
 
 
 
 
 
     
(1)rotational;  
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
 
     
       
 
 
 
 
 
 
 
 
     
(2)non-rotational: 
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C2.2: Pure plantation forest (no crops, no animals) Cost of tree  production :If you are adopting this system, please 
provide the following information 
 
Labor 
 
Cost of fuel/lubricates Cost of 
machinery rent 
 
Other cash outflows (fertilizer, etc.) Yr. Since 
establishm
ent 
operation 
 
Manday 
 
 
Daily 
wage 
No. of 
gallons 
Cost/gallon Cost/hr No of 
hrs 
Description Amount and 
measurement  
unit 
Cost/unit 
0 Land preparation  
 
        
1  
 
         
2  
 
         
3  
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C2.3 Pure plantation forest (no crops, no animals): Cost and value of harvest: If you are adopting this system, please provide the following 
information  
Quantity of harvest/F Value of harvest 
(Pound/unit) 
Cost of harvest 
Other cost/feddan 
Type of harvest 
(choose number (s) 
 
Year 
of 
harve
st  
Quantity Unit q. sold Value/unit Labor 
Manday/F 
Wage 
Manday/f description amount unit Cost/unit 
 
 
         
 
 
         
 
 
         
(1)Non-wood 
(specify)-------------
-- 
 
• area harvested 
------feddan 
          
 
 
 
         
 
 
 
         
(2)wood (specify)--
------------- 
 
• area harvested---
---feddan 
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C3.1 Agro forestry systems : Description and productivity: If you are adopting this system, please provide the 
following information 
Production/F Sale Type and source of labor 
(2) Hired (No.) (1) 
Family 
labor 
(NO.) 
Way of crop 
arrangement (select 
number) 
Detailed description of land 
management system  
Type of 
crops 
cultivated in 
season 2001 
Area 
allocated 
for each 
crop 
Quant. Unit Quant. 
sold 
Place 
of 
sale 
Price 
/unit 
 
From 
village 
Outside 
villge 
          
          
          
(1) shifting cultivation 
(sequential)  
 
          
          
          
          
(2)intercropping (co-
existence) 
 
          
          
          
          
(3) trees as farm 
shelter 
 
          
          
(4) other systems 
(specify)---------------
--------------------------
--------------------------
------------------------- 
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C3.2 Agro forestry systems: COST OF PRODUCTION (indicate crop arrangement system as in previous table---------------------------): please 
provide the following information for agric crops 
Labor/feddan 
 
Cost of machinery rent 
 
Other cash outflows (fertilizer, etc.) operation 
 
Crop cultivated 
(2001) 
No of 
workers 
Total labor 
cost 
Cost/hr No of hrs Description Amount and 
measurement  unit 
Cost/unit 
        
        
        
Land 
preparation 
        
        
        
        
Sowing 
        
        
        
        
Weeding1 
        
        
  
 
      
        
Weeding2 
        
        
        
        
Harvesting 
        
Other         
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C3.3 Agro forestry systems: COST OF PRODUCTION (indicate crop arrangement system as in previous table---------------------------): 
please provide the following information for tree crop production 
Labor/feddan Fuel & 
lubricant/feddan 
Machinery& 
equipment 
rent/feddan 
Other cost (e.g. seedlings, 
seeds….) 
Year since 
establishment 
operation 
No. of 
workers 
Total 
cost 
No of 
gallons 
Cost/gallon Cost/hr No. of 
hrs 
description Quant.& 
unit 
Cost/unit
 Land clearing          
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C3.4:  Agro silvo pastoral system Description and value: If you are adopting this system, please provide the following 
information 
Production/F Sale Type and source of labor 
(2) Hired (No.) (1) 
Family 
labor 
(NO.) 
Way of crop 
arrangement (select 
number) 
Detailed description of land 
management system  
Type of crops, 
trees or animals in 
season 2001 
Area 
allocated for 
each crop or 
animal 
Qunt. Unit Qunt. 
sold 
Place 
of 
sale 
Price 
/unit 
 
From 
village 
Outside 
village 
          
          
          
          
(1)rotational;  
 
 
 
 
 
 
          
          
          
          
(2)non-rotational: 
 
 
          
          
          
          
 
(3) other (specify 
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C3.5: Agro-silvo- pastoral system COST OF PRODUCTION (indicate crop arrangement system as in previous table---------------------------): please 
provide the following information for agric. crop production  
Labor/feddan Cost of machinery rent 
 
Other cash outflows (fertilizer, etc.) operation 
 
Crop cultivated 
2001 
No. 
 
Total cost Cost/hr No of hrs Description Amount and 
measurement  
unit 
Cost/unit 
 
 
       
        
        
Land preparation 
        
        
        
        
Sowing 
        
        
        
        
Weeding1 
        
        
  
 
      
        
Weeding2 
        
        
        
Harvesting 
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C3.6: Agrosilvo pastoral system: COST OF PRODUCTION (indicate crop arrangement system as in previous table-------
--------------------): please provide the following information for  tree production 
 
Labor 
 
Cost of fuel/lubricates Cost of 
machinery rent 
 
Other cash outflows (fertilizer, etc.) Yr. Since 
establishm
ent 
operation 
 
No. 
 
 
Total 
cost 
No. of gallons Cost/gallon Cost/hr No of 
hrs 
Description Amount and 
measurement  
unit 
Cost/unit 
0 Land 
preparation 
 
 
 
 
       
1           
2           
3           
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C3.7: Agrosilvo pastoral system: COST OF PRODUCTION (indicate crop arrangement system as in previous table---------------------------): 
please provide the following information for  animal production 
Labor Type of animal Animal tending operation 
No. Total cost 
Other cash out flows 
1    
2 
   
3    
4 
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